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PREFACE. 


atN undertaking, at the request of the publishers, to write this book, the 
chief inducement to me was the hope of arousing the interest of chemists 
and technologists alike in the study of the scientific aspects and problems 
of the remarkable class of substances known as india rubber, the very name 
of which would seem to suggest that our present day knowledge of them 
consisted chiefly in the fact that they may be used for erasing pencil 
marks. 

The intention in the first instance was to deal, in the following pages, 
simply with the analytical methods, which are almost exclusively the work 
of R. Henriques, more particularly as regards the rubber substitutes so- 
called, and my own researches, chiefly concerning india rubber itself and the 


vulcanisation problem. This refers to work done within the last ten years. 


. ® Before that time india rubber analysis, if it existed at all, was. unknown to 


the outside world. But I discovered very soon that a mere compilation of 
analytical methods could at best only claim a very limited technical interest, 
and only point the way to obtaining a number of statistical data respecting 
india rubber and, its manufactures, without affording any solid basis for 
their subsequent interpretation, This might have sufficed for those who 
simply want to ‘do’ india rubber, but would have rendered the work almost 
worthless to those who hereafter may feel inclined to turn their attention 
to a field of inquiry equally fascinating in its chemical, physical, physio- 
logical, and technical aspects. I resolved, therefore, to enlarge the scope of 
the work by the introduction of a chapter on the “Chemistry of India 
Rubber.” The literature on this subject is extraordinarily scanty, and at the 
same time, with perhaps two or three exceptions only, untrustworthy to a 
degree. The writing of this chapter proved, therefore, a very arduous task, 
and involved an amount of work altogether out of proportion to its 


volume, 
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Incidentally I felt compelled to deal at some length with the nature of 
the colloidal state itself, the phenomena of which have an important bearing 
upon the chemical, and still more upon the technical, behaviour of india 
rubber. Indeed, the fact that india rubber is a colloid may be said to 
constitute the root difficulty of this subject to the chemical investigator and 
the technologist alike. All these circumstances together led to the book©® 
assuming the form of a monograph rather than of a text-book. . 

Of the many unavoidable gaps, of the many points I had to leave un- 
decided or only half discussed, I am only too painfully aware, and in 
excuse can only plead the limitations of one largely engaged in technical 
work Some of these omissions I hope to supply in the future; many, d 
trust, will be made good by the work of others. 

Manufacturing processes as such have not been dealt with, as to have 
done so would have resulted in the destruction of the unity and aim of the 
work ; but I shall not be surprised to meet with the criticism from certain 
quarters that, as a consequence of this restraint, the book is too theoretical. 
I am content to let it be so. 

The cradle of the india rubber industry, as of so many others, stands in 
this country, which, from her former paramount position in almost every 
one of them, has fallen, and is still falling, to the second or third place, or 
no place at all—a result owing in large part to the shortsightedness of the 
manufacturers who conduct their undertakings simply on what they are 
pleased to call ‘practical lines,’ which so often means that all forethought and a 
present research is sacrificed to the reaping of immediate profits, the future 
being left to take care of itself entirely. The rude awakening which the 
national industries are experiencing at the present moment has—perhaps 
naturally enough considering the state of mind of their leaders—resulted 
in a gross misconception of the nature of the industrial stimulus operating 
abroad, precipitating the country into a feverish craze for stuffing the 
heads of ignorant schoolboys with ‘technical education.’ 

Salvation is to be found in the ‘technical education’ of the working 
classes, but that the ‘masters’ stand infinitely more in need of education 
than any other class of the community has scarcely been realised yet. 
Until the nation, as a whole, recognises that the prosecution of scientific 
study as a mere means of money-making is a profanation defeating its own 
ends, the history of industrial development in England will afford the same 
melancholy spectacle in this as in the last century, so-called technical 


education notwithstanding, 


As regards the india rubber industry, it is still very largely developing 
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on empirical lines. In none of the industrial countries have any organised 
efforts been made to bring to bear upon the problems of this industry the 
full resources of modern chemical and physical research. This is, no doubt, 
also the reason why, notwithstanding the occasional claims of ‘trading 
puffs,’ the efficiency of the rubber trade in Great Britain is in no way 
* inferior to that of either the United States, Germany, or France. But it 
és of importance that manufacturers should clearly realise that india rubber, 
and the industry connected with it, offer wide fields for scientific research, 
the exploration of which has already commenced ; and the india rubber in- 
dustry of the future will belong to whatever country may take the lead in 
the scientific investigation and elaboration of its problems. The coal tar 
#dlour industry has been lost to Great Britain through the indifference of 
her statesmen, the shortsightedness of her manufacturers: is her india 
rubber industry to suffer the same destiny ? 
At the end of the book will be found a short chapter on the “ Sanitary 
Conditions in India Rubber Works,” a matter of not inconsiderable import- 
* *ance with which the chemist is much more competent to deal than the 
engineer. 
To my former assistant Dr. F. Betteridge I am indebted for help in con- 
e nection with some of the researches contained in this book, and to my son 
Mr. L. E, Weber for the preparation of the micro-slides and photo-micro- 
e graphs which illustrate certain sections, 


THE AUTHOR. 
+d 


CrumpsaLL, November 1, 1902. 
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INDIA RUBBER AND ITS ANALYSIS. 


CHAR TH Ret. 
THE CHEMISTRY OF INDIA RUBBER. 


No class of bodies offers such formidable manipulative difficulties to 
the investigating chemist as the remarkable group of colloids comprised 
under the collective name of india rubber. These difficulties are physical 
rather than chemical—that is to say, they do not so much consist in the 
functional complexity of the molecules of india rubber, as in the circum- 
stance that these molecules are, at any rate at present, known only with 
the colloidal state superimposed upon them. Matter in this state does 
not exhibit the abrupt changes of physical condition which, in crystalloids, 
take the form of melting points, boiling points, and solution. The physical 
changes induced in colloids by heat, or by solvents, are perfectly continuous 
changes as long as the underlying chemical molecule or configuration 
remains intact. Asa consequence, the characterisation and identification 
of the colloids and their derivatives, and their isolation and purification 
from mixtures of them, offers frequently almost insuperable difficulties. 
India rubber, as is well known, is the product of the coagulation of the 
milky juices (emulsions) of a large number of trees, creepers, and shrubs, 
comparable in this respect to the oils, and more particularly to the 
terpenes. Accordingly, the commercial article can hardly be expected to 
be a homogeneous, and still less a pure, product in the chemical sense. 
Indeed, a cursory examination of a few samples at once reveals the presence 
in them of water, sand, vegetable fragments, fibres, wood, and other more 
or less accidental impurities. These may be removed by a washing pro- 


¢ cess, which, however, can only be satisfactorily carried out on a com- 


mercial scale, strong machines being needed for the purpose. The water 
also removes from the india rubber certain carbohydrates (sugars), the 
presence of which in various brands was discovered by Armi GIRARD,* 
together with practically the whole of the above named mechanical im- 


purities present. 
1 Comptes Rendus, \xvii. p. 820. 
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The carbohydrates thus removed are :—inostte, bornesite, matezite, and 


dambonite. 
Inosite occurs in Gaboon rubber ; it is identical with Girard’s dambose 


(MaQuenne).! According to its constitution, it is one of the numerous 
stereo-isomeric hexa-oxy-hexa-methylenes :— 


H OH 4 
V oe 
C 
HO vo isi 
>C C< 
H OH c 
HO u = CgH.0, 
>C C< 
H a OH Ps 
C 
A 
HO H 


The inosite of Gaboon rubber is i-inosite (inactive), It is soluble in 
water, alcohol, and acetic acid, and crystallises in fine needles (M.P. 225° C., 
B.P. (in vacuo) 319° C.). 

Bornesite, mono-methyl-a-inosite O,H,,0,.CH;, occurs in Borneo rubber. 
It crystallises in white rhombic prisms, readily soluble in water, little 
soluble in alcohol. Its melting point lies at from 199° to 203° C.; at * 
205° C. it sublimes almost without decomposition. It is optically active, 


dextro-rotary (a,= + 31°6°). * 
Matezite, which occurs in Madagascar rubber, is the mono-methyl 
ether of iinosite. M.P. 186° C.; sublimes without decomposition at ¢ 


200°C. Very soluble in water, sparingly soluble in strong alcohol, 
insoluble in absolute alcohol. It is dextro-rotary (ap=65°7°). 

Dambonite occurs in Gaboon rubber, and is the di-methyl ether of 
i-inosite C,H,,0,(CH;),._ It crystallises, with three molecules of water, in 
the form of white hexagonal prisms readily soluble in water and alcohol.  _—_¢ 
M.P. 195° C.; sublimes without decomposition at 210° C. Dambonite is 
optically inactive. 

These sugars seem never to be present in any larger quantity than 
0°5 per cent., but the average percentage is rather lower. They are, of 


course, completely removed from the rubber by the washing operation 
above referred to. 


« 


The drying of the washed rubber is best performed in vacuo, to prevent * 
the otherwise unavoidable oxidation. The substance then forms techni- _ 
cally pure rubber, but is by no means chemically pure, as solvents, such as 
alcohol or acetone, readily extract from it certain oily and _ resihous 
matters. The amount of these in the different brands of india rubber 
varies enormously, from 1 to about 40 per cent. Nor is the quantity 

* Comptes Rendus, civ. p. 1853. 
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constant in the same brand, the iess so the greater the average amount 
of resinous matter usual in any given brand. ‘Thus, while the amount of 
such matters in Pard rubber varies from 1 to 2 per cent., it varies in 
Lagos rubber from 3°6 to 7 per cent., and in Borneo rubber from 6 to 21 
per cent. The removal of these resinous and oily matters from the india 
rubber is readily effected by extracting a weighed quantity of the india 
rubber with acetone in a Soxhlet extractor. For this purpose it is, how- 
ever, essential to use the rubber in the form of the highly porous washed 
sheets as they are obtained in rubber factories. If cut pieces of crude 
rubber are used, the complete extraction becomes an extremely tedious 
operation. The following tables show the percentages of extract obtained 
from various brands of india rubber :— 


PERCENTAGE OF RESINOUS EXTRACT. 
BRAND OF INDIA RUBBER. 
Terry.? Weber.? Henriques.* 


‘Para, fine, 1:2 
Ceara Scraps, i ; 1°3 
Columbia, . : 2 : 2°5 
Mozambique, : : 3°0 

| Manoh Twist, 

Lagos, . 

Rio Janeiro, 

| Madagascar, 

| Sierra Leone, red, 

| Borneo, 

| Assam, 

| Mangabeira, : 
African Ball, I., . 

II 


| African Flake,” . 
| Balata, . . : 
| Gutta Percha (Penang), 


per cent. 


99 
33 


oe 


et et 


1°3 
Aah 
50 
3°8 
5°8 
4°5 
BA 2°5 
a 
5'8 
0°0 
1°3 
58 


FAW DOMINATOR NH 
bo CO OL Od) 6 HE OO 


CE 


How far these figures are correct depends, of course, upon the efficiency 
of the solvent employed—z.e., its ability to dissolve all such resinous 
bodies as may occur in india rubber. As regards this point, it is worth 
while to draw attention to the fact that, of the large class of resins proper, 
the great majority are either insoluble, or only partially soluble in acetone, 
so that the acetone might leave undissolved certain resinous bodies 
occurring in india rubber. 

Indeed, in Sierra Leone rubber, both red and white, I have ascertained 
the presence of a considerable quantity of a resin, in its appearance closely 
resembling crude albane as obtained from gutta percha, which is only 
ve®y sparingly soluble in even boiling acetone. The complete extraction 
of this resin from the rubber requires days, and it is not impossible that 


1 Journ. Soc. Chem. Ind., 1892, p. 970. 2 Tbid., 1894, p. 477. 
3 Der Kautschuk und seine Quellen, Dresden, 1899. 
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other brands of rubber may contain similar resins, so that the above 
figures might be open to very considerable correction. 

No such relations as obviously exist between gutta percha and the 
resins invariably accompanying it have been shown to exist between india 


rubber and its native resinous impurities. 
The nature of the resins extracted from various brands of india rubber 


varies very greatly. In some cases a distinctly oily extract is obtained, in _ 


others treacly masses, in others resins similar in appearance to colophony, 
or elemi resin, and in a few cases white powdery products, in appearance 
resembling the crude albane of gutta percha, but in every case differing 
from it in composition. Respecting the chemical character of these extracts 
nothing at all is known. 


Ps 


These resinous impurities determine to a considerable degree the ¢ 


behaviour, especially of the inferior brands, of india rubber in practical 
working, and they are also supposed to have a marked influence upon the 
stability of the finished article. The technical effect due to the presence 
of these resins must, no doubt, be ascribed to their decided action upon the 
sulphur in the vulcanising process; but seeing that the presence of these 
resins in crude india rubber does not appear to affect its stability in an 
appreciable degree, it is difficult to understand why they should act 
detrimentally after vulcanisation—a process which is generally admitted, 
and rightly so, to enhance its chemical indifference. The explanation of 
this mistaken supposition lies probably in this, that undervulcanised india 
rubber, or india rubber vulcanised with an insufficient amount of sulphur, 
is well known to be highly perishable. Now, it is evident that in vulcanis- 
ing india rubber either without taking into account the amount of resin 
present, or underrating that amount, more or less of the sulphur intended 
for the vulcanisation of the india rubber is taken up by the resin. The 
result is an undervulcanised, and therefore unstable, vulcanisation product. 
Such a product may still contain free sulphur, but not sufficient to induce 
vulcanisation at the temperature employed. This, of course, might be 
rectified by increasing the temperature of vulcanisation, but such increase 
of temperature would equally favour the combination of the residual 
sulphur with the resin, so that the final result would remain essentially 
unaffécted. 

A thorough study of these ‘resins’ will very likely enable us in the 
future to determine in manufactured goods the chief kinds of india rubber 
employed. At the present time this is impossible, although it is quite 
within our power to determine whether a given article has been manu- 
factured from a high, medium, or low grade rubber. 

It is only to be expected that crude rubber, besides the above named 
carbohydrates, should also contain albuminous matters (proteids) which 
invariably form one of the constituents of the latex of the india rubber 
tree. These proteids reappear in the india rubber if the latex coagulation 
is effected by heat, chemical means, or desiccation, the methods which are, 
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at least at present, employed in the preparation of the different brands of 
india rubber. If Brrren’s! centrifugal method were generally adopted, 
this impurity would be almost completely avoided. 

The percentage of these proteids in the rubber is small, but, as to its 
exact amount, we possess no reliable data. SEELIGMANN? quotes the 
composition of the latex as :— 


India rubber, ; : : - * yes eo 
Proteid and mineral chee = . ; : 1D 
Water, . ‘ : : : ; 50 


These data are altogether too vague. Farapay gives the following 
analysis of the latex of Hevea braziliensis :— 


India rubber, ‘ ; i : . 87°70 per cent. 
Albumen, . ; eGr ny 
Bitter nitrogenous Lipase soluble in water and 

alcohol, . : 2 C1 S ie Py 
pabeance soluble in water, tneclubled in inet : B00 a": 
Wax, A . : : 1 kes RS 
Water, eiohily aad, : : : OOD Tan 


From these figures it would follow that Para rubber would contain 
about 4:3 per cent. of albuminous matter, but I consider the presence of 
such an amount highly questionable, although LascEeLLEs-Scorr® states it 
even higher than this in a latex of unnamed origin :— 


India rubber, , : : ; . 87°18 per cent. 
Albumen, . ; : : : P VT et era 
Resins, F : : : : : Sad 
Essential oils, : ; : ; . Traces. 

Sugar, : : ; . ; ‘ 474s veo 
Mineral matter, : , : : ; OAD6 tae 
Water, 5 ; : : : Se PLS V Tee 


According to these figures the percentage of proteids in the dry rubber 
would amount to about 5°6 per cent. The absence of information respecting 
the origin of the above milk is to be regretted, as its very high percentage 
of sugar and its quite unusually low percentage of mineral matter alike 
render it very remarkable. 

On the large scale the removal of these proteids from the commercial 
india rubber is a practical impossibility. On the small scale they can be 
eliminated by dissolving the india rubber and allowing the dilute solution 
to stand, when the insoluble coagulated proteids gradually settle out. <A 
somewhat more expeditious method is the centrifuging of the solutions. 
From these solutions the india rubber is precipitated by alcohol, and the 
product thus obtained, when dry, appears to have always been looked 
upon as chemically pure india rubber. At any rate, all known analyses of 
indfa rubber, with the exception of those made by GuapsToNE and 

1 Ann. of Botany, xii., 1898, p. 165. 


2 Le Caoutchouc et la Gutta Percha, Paris, 1896, p. 55. 
3 India Rubber Journ., v. No. 11, 1889. 
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Hissert,! have been made with products freed from the various impurities 
named above. The last named were the first to clearly recognise the 
presence of comparatively small and varying proportions of oxygen in 
india rubber, and they also observed that by fractional precipitation the 
percentage of oxygen can be greatly reduced, although its complete elimina- 
tion was found impossible. 
The elementary composition of india rubber as determined by the © 

earlier workers up to 1888 has been compiled in the following tables :— 

| | Gladstone |Calculated 


for 


Faraday.| Ure. | Williams.| Berzelius.| Adriani. and 
Hibbert. | Cy )Hy¢. 


Hydrogen, | 12°8 10°0 121 12°5 11-94. | 12°00 |: 11°76 te 
Carbon, .| 87:2 90°0 87°3 87°5 87°91 | 87-46 | 88°24 


| 
a ea 


It will be seen that these data agree fairly well with the figures 
calculated for a compound of the terpene type C,,)H,,, and this formula 
is now generally held to express the quantitative composition of 
india rubber, although, in view of the impossibility of producing an 
absolutely oxygen-free product, HENRIQUES within recent years pointed out 
the possibility that india rubber might after all be found to be an oxygen 
compound. 

PayeNn was the first to observe that on dissolving india rubber the 
ereater part of it passed into solution, but that there remained always an 
insoluble constituent, consisting of very voluminous and gelatinous flakes, 
which, under the microscope, presented a peculiar reticulated appearance. ¢ 
For some extraordinary reason these two constituents appear never to 
have been analysed separately. By common consent the insoluble con- 
stituent was looked upon as an ‘insoluble modification’ of india rubber. 
GuapstonE and Hiseerr? express themselves on this point as follows :— 

‘‘We are inclined to believe that the less soluble modification of the 
hydrocarbon which has been frequently observed is produced during the 
drying of the juice, for we find that if the more soluble part be heated, it 
is more or less changed, and less susceptible of subsequent solution. The 
change increases as the temperature is raised, and also with the length of 
time during which the heat continues. This will account for the very 
varied results obtained by different experimenters as to the proportions of 
soluble and insoluble caoutchouc.” . 


Even more definite are SrmLiamann’s 2 statements respecting the nature 
and relationship of these two constituents :— 


¢é i fj ae 
Le caoutchoue est, en effet, formé de deux substances isomériques, 


dont lune, solide et élastique, résiste a presque tous les agents; tandis. 


1 Journ. Chem. Soc., 1888, p. 680. 2 Ibid., 1888, p. 679 
3 Le Caoutchouc et la Gutta Percha, Paris, 1896. S 
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que l’autre, demi liquide et poisseuse, est beaucoup plus facilement attaquée 
et dissoute. C’est 4 cette seconde matitre que la gomme doit la propriété 
de se souder a elle-méme lorsqu’on soumet 4 une forte compression ses 
surfaces récemment coupées. On donne a la premiére matiére le nom de 
nerveuse et 4 la seconde le nom d’adhésive. Si, par une dissolution approprié, 
on sépare ces deux principes immédiats isoméres, aucun d’eux ne garde 
les propriétés élastiques et extensibles au méme degré; il semblerait, dit 


. f . / am | 
Payen, que l’adhérence entre les filaments, lubrifiés par une matiére grasse 


et assouplie par la portion soluble et molle, ait été partiellement détruite.” 

It will be observed that SzELIGmMann describes the two constituents in 
question as isomers, and that he, following Payen in this respect, ascribes 
to the insoluble constituent important physical functions. In this he 


appears to have been influenced by the statements of various authors, who 


found the percentage of the insoluble constituent or modification of india 
rubber to vary between 30 and 70 per cent., or an average of 50 per cent. 
GLADSTONE and Hipsert, however, found only 4 per cent. of this insoluble 
body in Para rubber. 

In view of this very large and important discrepancy, I reinvestigated 
this subject... The inner parts of a loaf of crude Pard? were split into 
very fine films. As these contain a considerable proportion of water, they 
were, to begin with, subjected to an often repeated treatment with acetone, 
during which they (originally cream-coloured films) assumed a pronounced 
tan colour. Finally, they were completely extracted with acetone in a 
Soxhlet extractor, and then, without drying, transferred into chloroform. 
After a little over a fortnight, during which time the bottle containing 
the solution was frequently shaken, a solution was obtained consisting of 
two layers. The lower of these was a bright clear solution, while the 
upper consisted of small clots or shreds of the insoluble part of the rubber. 
This upper layer, which appeared to represent a very substantial pro- 
portion of the rubber used, was removed, and a number of times treated 
with fresh quantities of chloroform, two or three days intervening between 
each of these changes of solvent. This treatment was continued until the 
chloroform extracted no longer any perceptible quantity of soluble matter 
from the flocculent jelly, the apparent bulk of which very greatly decreased 
during this treatment.? Finally, the product so purified was dried in 

1 Journ. Soc. Chem. Ind., 1900. 

2 Washed rubber which has been sheeted in a ‘rubber washer’ cannot be used, as in 
this operation the flakes of the insoluble constituent are so broken up and comminuted, 
that the whole afterwards forms an apparently complete, homogeneous solution (rubber 
varnish). 


8 On a rough estimation this decrease amounts to quite five-sixths of the original 
apparent bulk. It might, perhaps, be thought to be due to a gradual slow solution of the 


" su@posed insoluble constituent, but this explanation is certainly incorrect. I suggest 


that the phenomenon in question is due to the india rubber solution acting like a solvent 
upon the insoluble constituent, the dissolving action of which is the greater the higher 
the concentration of the india rubber solution. As by successive washings with chloro- 
form the concentration of the rubber solution rapidly diminishes, the insoluble constituent, 
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vacuo, when it was obtained as a light-brown stringy mass, the bulk of 
which was almost infinitesimal compared with the volume it occupied 
during its preparation. In various operations the weight of the insoluble 
constituent obtained varied from 3 to 6°5 per cent., the average being 


about 3°5 per cent. 
In india rubber solvents this substance swells to an enormous extent 


without any appreciable quantity passing into solution. The fibrous ¢ 


structure which thin sections of it exhibit under the microscope is not, as” 
has been suggested, comparable with that of certain elementary animal or 

vegetable tissues, but appears to be the result of a peculiar process of shrink- 

ing of the drying substance, producing a reticulated appearance closely 

resembling that of some of the artificial colloidal structures described 

by Burscutt.! (See Frontispiece.) 

This insoluble body, even when dilated by solvents, is entirely free from” 
stickiness, and possesses no trace of that adhesiveness, or capability of 
interfusion, so characteristic of india rubber. When dry, it shows a 
remarkable degree of toughness, but very moderate distensibility. On 
analysis, its composition was found to correspond very closely to that of a 
body expressed by the formula C,)H,,0,,°. 

On the other hand, the analysis of the soluble part of india rubber 
without any further purification led to figures which revealed the presence 
of still nearly 2 per cent. of oxygen :— 


Found. Calculated for C, Hyg. 
Choe . : 86°51 88°23 
Eigen : - 11°59 16 
US oer : 4 1°89 


By redissolving this product in chloroform, diluting the solution so 
that it contains about 0:1 per cent. of india rubber, submitting this solution 
to a very careful fractional precipitation with alcohol, and rejecting the 
precipitate first obtained, a product of a high degree of purity resulted. 
The analysis of this product led to the figures :— 


Found. Calculated for C,)Hy,. 
EN : Reema ts) 88°23 
Ls ; «= AE8E 11°76 


These agree very satisfactorily with the composition of a compound 
Ci oHy.. 

The two results are of extreme interest, and, to begin with, enable us 
to rectify the erroneous statement that the soluble and the insoluble con- 


being deprived of its proper solvent, or swelling agent, contracts and becomes increasingly 
less in bulk, though not in weight. All those who have had a fair amount of experience 
regarding the behaviour of colloids in solution will have observed cases where a colloid 
insoluble in a certain solvent, becomes soluble in the solution of another colloid ingthe 
same solvent. 

* Butsouxt, Ueber Structwren, Leipzig, 1898. This book should be in the hands of 
every student of the problems of india rubber and colloids generally 

* Journ. Soc. Chem. Ind., 1900. 
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- stituents of india rubber are identical in their composition (isomeric). Our 


data further enable us to refute as incorrect the exaggerated figures quoted 
by various writers respecting the proportions of the soluble, and of the 
insoluble, constituents of india rubber ; and it is, at the same time, quite 
evident that the proportion of the latter is on the average so small that it 
would be utterly futile to ascribe to it any important, or even distinctly 


@ traceable, function as regards the technical aspect of the physical properties 


ef india rubber. We further see that Guapsronn and Hippsrt’s attempt 
to explain the presence of the insoluble part of india rubber as due to the 
action of heat upon the latter can no longer be accepted, although their 
statement regarding the general effect of heat upon india rubber is, no 
doubt, true. 

The most remarkable fact concerning this insoluble portion is its high 
‘ercentage of hydrogen, and the very large amount of oxygen it contains. 
By some kind of common consent the oxygen which is invariably present 
in technically pure india rubber has been ascribed to the oxidation of the 
india rubber by atmospheric oxygen. This notion is no longer tenable, as 
our above figures conclusively demonstrate that at any rate the bulk of the 
oxygen observed in india rubber is present in the form of the compound 
C.5H 6,01, which, whatever it be, can scarcely be described as an oxidation 
product of india rubber. It appears to me that there exists an important 
genetic relationship between this compound and india rubber on the one 
hand, and the inosite, or inosite derivatives so commonly accompanying 
india rubber, on the other hand. This becomes, perhaps, even clearer by 
observing that 

CypHgg019 = 3(C,)Hy5) + 10H,0. 

e In brief, I suggest that this insoluble compound is a link between india 
rubber and the complex carbohydrates, the celluloses in particular, which 
I am inclined to consider the raw material from which the plant produces 
all the terpenes, including india rubber. 

There is, on the other hand, no doubt whatever that india rubber 
‘absorbs’ oxygen when exposed to the atmosphere, and this oxygen 
absorption finally always results in the conversion of the india rubber into 
a brittle resinous body, generally described as SpInueR’s resin. SPILLER 
has published an analysis of this body,! and gives the following figures :— 


Onat : . 6400 
Be ie: : : 846 
Orta : . 27°54 


It is interesting to note that these figures very exactly agree with the 


® composition of a body of the formula C,,H,,.0,,, the relation of which to 


our insoluble constituent C,)H,,0,, is obviously significant. Kqually 
interesting to observe is the fact, immediately deducible from the above 
given percentage composition of Spruuer’s resin, that this oxidation of india 


1 Journ. Chem. Soc., vol. iii. (new series), 1865, p. 44. 
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rubber consists purely and simply in the addition of oxygen to the 


unsaturated india rubber molecule, and that consequently the carbon- 
hydrogen ratio of india rubber—1l0 : 16—remains unaffected in this 


process. 


If we now examine the analytical figures, above given, of the soluble 


constituent of india rubber, before its further purification by fractional 


precipitation, we find at once that in this case also the carbon-hydrogen ¢ 


ratio is that of 10:16. From this we may infer that the oxygen 
percentage of india rubber in its resin free state of purity is due to 
two factors, one of which is the presence of the insoluble constituent 
Oso Hes 10> the other the formation of oxygen addition products of india 


rubber. 
The insoluble constituent does not seem to be present in all rubbers, 


but it appears that whenever it occurs it does so in rather small or in- 


finitesimal quantities only. Whether its composition in the various brands 
of india rubber is the same as in Para has not yet been ascertained, and will 
be a highly interesting subject for further enquiry. The statement I made, 
in the paper in which I first announced the composition of the insoluble 
constituent of Pard rubber,! that no corresponding body was to be found 
in any of the other varieties of india rubber, I can no longer maintain. 
The failure to find it in such rubbers as Lagos, Congo ball, Borneo, and 
Assam rubber was simply due to the fact that the examination was made 


on solutions obtained from these rubbers after they had been subjected to- 


the process of washing in the roller mills generally used for this process. 
In this operation the insoluble body is disintegrated to such a degree that 


it no longer separates out from the solutions containing it, nor can it be 
isolated from them by filtration. It is there, nevertheless, but can only be, 


obtained from solutions of the crude rubber. A preliminary examination 


of a large variety of commercial brands of india rubber in the crude state. 
revealed the fact that nearly all appear to contain small but appreciable 


quantities of similar bodies. As showing again how comparatively 
insignificant is the amount of this insoluble body, I may already now call 
the attention of the reader to the tables below, which demonstrate the fact 
that the carbon-hydrogen ratio is for all varieties of india rubber practically 
a constant, very closely approximating the ratio 10 : 16. Considering 
the composition of the insoluble body, this is only possible if its quantity 
in every case is very small. 

Already in the discussion of the composition of SPILLER’s resin it has 


been pointed out that this product is formed by the direct addition of 


oxygen on india rubber. We have seen further that the oxygen present 
in the soluble part of india rubber is not due to the presence, in a very 
finely subdivided state, of some of this insoluble constituent, but that’ the 
oxygen is in combination with the rubber itself. In this case likewise 


the constancy of the carbon-hydrogen ratio justifies the conclusion that. 


1 “On the Nature of India Rubber,” Jowrn. Soc. Chem. Ind., 1900. 
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this oxidation product is merely an addition product of india rubber and 
oxygen. 

The following table shows that this is not only true of Para rubber 
itself, but of all varieties of india rubber. 


: VARIETY 0. H. Pen ant C.: H 
@ Per Cent. Per Cent. 100-(C+H). 
Para, : i : 87°87 11°51 0°61 10 + 15°7 
, Congo Ball, ae : ; 85°15 10°82 4°02 10: 15°2 
‘ 5 86°41 11°07 2°51 10: 15°3 
Me Rome? 86°63 10°83 2°53 10 : 15°0 
; ete : ' ' 87°76 11°23 1°00 10 : 15°3 
Ceara,? . : : ‘ * 83°21 11°41 5°37 10 : 16°4 
Ee ace 86°20 11°56 2°23 10 : 16°0 
Lagos,” . : A 5 86°11 11°54 2°34 10 : 16°0 
Sierra Leone,” : ; 86°38 11°34 2°27 10 : 15°7 
Assam,” . : ‘ : 87°17 11°47 1°35 10,4:t0°s 
Mangabeira,? . : ; 87°08 11°39, 1°52 10°3'16°7 
Cameta,? 2 : ; 85°41 11°09 8°49 10.; 15°5 
Santos Sheet,” : ‘ 83°56 10°90 5°35 10 : 15°6 
Bahia, : : : Ae i “iy ee 

Beni River, a : 85°55 11°46 2°98 10: 1671 
Madagascar (Pinky), . 85°29 11°05 3°65 10;: 16'5 
Balata," é 85°69 11°45 2°85 10 : 16°2 
‘ ‘ 86°34 11°69 1°97 10 : 16°2 

Gutta Pereha, ‘ ; 84°20 11°35 4°44 10: 16 

S 5 ; 88°01 11°78 0°21 TDi 16 


9? 


! Purified by extracting with acetone, dissolving in large volume of chloroform, and 
fractionately precipitating with absolute alcohol ; first fraction rejected. 
2 Purified only by thorough extraction with acetone. 
These figures show clearly that a hydrocarbon of the formula Gisbee 
*is the greatly preponderating constituent of all varieties of india rubber. 
‘: The impossibility of completely removing all the oxygen from india rubber 
is of very little weight as an objection against this conclusion, seeing that 
every kind of india rubber subjected to a number of successive purifying 
treatments is obtained with an increasingly smaller percentage of oxygen 
until it reaches practically a vanishing point.! 

The oxygen addition products contained in india rubber do not appear 
to sensibly affect the chemical behaviour of the whole, at least not so 
long as the percentages of oxygen so present remain within normal limits. 

» This applies as much to the vulcanisation process of india rubber, which, 
2. as a chemical reaction, is rather badly defined, as to the derivatives we 
. shall subsequently discuss. But this, of course, does not refer to the 
® technically pure india rubber, which still contains the insoluble constituent 

® and the ‘oily and resinous matters.’ 
onsidering the chemically inert nature of these impurities, it is not to 
° be wondered at that their influence upon the chemical properties of india 


1 @ 


1 Jt is rather remarkable to observe that there appears not to exist any recognisable 
relation between the amount of resinous extract yielded by a sample of india rubber 
and its percentage of oxygen. 
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rubber in its technically pure form is but slight, unless, indeed, the percent- 
ages of resins present become high when their influence upon the process 
of vulcanisation becomes correspondingly marked. There is, however, 
scarcely any doubt that the presence of what, so far, in the absence of any 
more definite knowledge, we had to term the ‘insoluble constituent’ of 
india rubber, must, to some extent, affect the behaviour of india rubber 
against certain chemical agents; and I am inclined to believe that” 
certain irregularities observed in the processes known as the vulcanisa- 
tion of india rubber are largely due to the presence of this insoluble 
constituent. 

There remains only one impurity of india rubber to be mentioned, the 
complete removal of which is just as difficult, if not even more so, than that 
of the oxygen addition products. This impurity in the technically pure 
india rubber is generally described as ash, ‘and is the mineral residue 
remaining after incineration. This impurity probably may in small part 
represent mineral matter in an extremely fine state of subdivision which: 
the washing process has failed to remove, but a large part of it is un 
doubtedly present in the form of organic salts. This conclusion follows 
from the fact that on extracting india rubber with acetone, filtering the 
solution so obtained, evaporating to dryness, and incinerating the residue, 
a certain amount of ‘ash’ (in some cases rather considerable quantities) 
is invariably obtained. It is obvious that the filtered acetone solution can 
contain this mineral matter only in the form of organic salts. Indeed, I 
have occasionally obtained extracts from which small quantities of crystals 
could be obtained which consisted evidently of such salts, but I never could 
procure them in quantities sufficient for analysis. According to HEnRiquzEs! 
such salts are obtained as sediments in solutions of technically pure india 
rubber, in chloroform, and similar solvents. That these salts possess prop- 
erties similar to india rubber, as that author suggests, appears to me 
highly improbable. The fact of their settling out from india rubber solutions 
points entirely against this assumption. They are most probably salts of 
resin acids, and I observed their melting points to be very low, generally 
much less than 100° C. As all india rubber, before being washed on the 
rollers, is subjected to treatment with boiling water, these salts would 
naturally interfuse with the india rubber and the resinous constituents in 
it ; and as they are, moreover, insoluble in water, they naturally remain 
behind in the washed india rubber. 


The mineral bases present consist* of lime, magnesia, alumina, and 


iron, the latter, according to HENRIQUES, in the African varieties of india ~ 


rubber being present in the form of ferrous salts. The amount in which 
these bases occur in india rubber is remarkably constant in all brands. 
Indeed, the percentage of ash to be observed in the various qualities 
of india rubber is subject to much less variation than any of its other 
constituents. 


1 Der Kautschuk und seine Quellen, Dresden, 1899. 
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The following table gives the percentages of ash observed in a number 
of commercial brands of india rubber after washing :— 


Para, fine, , . 0°30 percent. | Peruvian Ball, . - 1°40 per cent. 
Mollendo, . ; Smee AOU res 5: Congo Ball, - pee Urea 
Santos Sheet, . ro ee ha Mangabeira, . ees 4; 
Cameta, . : ee OO i an Lagos, : : a fas AA 
° Ceara (Machado) el aig) mers Assam, . 7 re ke’) 
a Beni River, , Sikes ee Borneo, fine, . Oe ie 


All the figures above quoted are averages calculated in every case from 
a large number of individual determinations. Of course, the presence of 
these impurities cannot at present be employed for the chemical identifica- 
tion of the various brands, although this might become possible as the 
result of an exhaustive investigation of the quantitative composition of 
the ash furnished by different brands. On this point our information is at 
present extremely scanty. Hzrnriques! states that lime predominates in 
Para rubber, ferrous iron in African rubbers, while the presence of 
magnesia appears to be characteristic of Ceara rubber. 


The Physical Properties of India Rubber. 


India rubber in the highest state of chemical purity is a practically 
colourless substance, the specific gravity of which is 0°911 at 17°C., but 
the technically pure article shows a specific gravity varying from 0°915 
(Santos sheet) to 0°931 (Machado). Much higher figures—0°942, 0:966— 
have been quoted, but I have never been able to obtain specimens of such 
products. 

In water india rubber is insoluble, but it absorbs about 25 per cent. 
tn prolonged immersion, swelling considerably during this absorption. 
Hancock already observed that water diffuses through india rubber, and 
the experiment by which he demonstrated this fact is characteristic of 
the laborious perseverance and patience of this worker. His experiment 
is best given in his own words: “I suspected rubber was not entirely 
impervious to water, and I had the curiosity to make a bag of canvas 
lined with sheet rubber, which I filled with water and sealed hermetically.” 
The following are the figures obtained in this test :— 


Ibs. ozs. drs. 


The weight on October 21, 1826, was 1 1 4 

. 4 25,1827, 55 1 1 2 

“ iF RS Siege nee EE Wha 

e 3 November 1844, ,, Oetr rae. oh 2 
rf, October 1849,. ,; Os e138 4 

rf February 1851573; 0 7 8 

nt May 1854, ,, 0 3 14 


Two years later—z.e., after the lapse of thirty years—the bag was cut 
open, when it was found to be dry, having originally contained a little 
over 12 ozs. of water. 

1 Der Kautschuk und seine Quellen, Dresden, 1899, 
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The amount of water absorbed by india rubber, although generally 
accepted to amount to approximately 25 per cent., has been found by 
various experimenters to vary considerably without, it is stated, any 
apparent reason, In this relation it should be pointed out that the 
absorption of water by india rubber depends very greatly upon the pro- 
portion of ‘oily and resinous’ matter contained in it. Indeed, by mixing 
india rubber with oils, resins, or waxes, its absorptive capability for watet 
at once falls very considerably. Conversely, it increases by freeing the 
rubber of its resinous impurities by extraction with acetone. 

The water absorption of vulcanised rubber is extremely small, certainly 
not large enough to appreciably affect the insulation of a rubber cable 
after five years’ continuous immersion. 

With alcohol india rubber behaves much as with water, the quantity 
absorbed averaging about 20 per cent. 

Acetone swells the india rubber even more than alcohol, but without 
dissolving any trace of it. 

All the organic acids slightly swell the india rubber, but are otherwise 
without any perceptible action. ' | 

Esters and ethers produce a swelling of the india rubber very much in 
excess of the similar action produced by any of the previously named 
solvents. This applies more particularly to ethyl ether, which is often, 
though erroneously, stated to be a solvent for india rubber. 

The most important solvents of india rubber, approximately in the 
order of their rate of efficiency, are turpentine (pinene), dipentene, petroleum - 
spirit, carbon bisulphide, benzene and its homologues, and chloroform. Of 
these, petroleum spirit and benzene and its homologues are especially notable 
on account of their technical importance. For the purposes of researct. 
a mixture of carbon bisulphide with 10 per cent. of absolute alcohol, and, 
more generally, benzene and chloroform, are especially suitable. 


According to Hanausex,! the solubility of india rubber in various 
solvents is as follows :— 


Ceara. Negrohead. Sierra Leone. 
3°6 


100 parts of ethyl ether dissolve 2°6 4°5 
an turpentine Bs 4°5 50 4°6 
¥, chloroform : 3°0 3°7 3°0 
3 petroleum spirit 4: 1% 4°5 4:0 
it solvent naphtha s 4°4 5°0 4°7 
* carbon bisulphide _,, 0°4 


The solubility in benzene of various brands of india rubber is given 


by Herren? as under :— 7 
Guayaquil, ‘ - 20 percent. | Mozambique, . -  11°5 percent. 
Para, : : be ln - Rangoon, . ; : 91 
Carthagena, ; Vite ALBA A | Quiesembo, SAE 3°0. # 
Borneo, ‘ ‘ - 13°8 Ais ‘ Thimbles, . : é Gonna. 
African, . : Wadse Ie Minas | Negrohead, ; ‘ 7°8 
Ceara, ; : ei ARRAS Nite Madagascar, . WME es? 


1 Jahresber. Chem. Tech., 1885, p. 1143, 2 Polyt. Jowrn., 221, p. 391. 
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How the solubilities in the above two tables, which are everlastingly 
‘quoted, have been arrived at, I have not been able to ascertain, not having 
seen the papers of the two authors 7m extenso, I have, however, no hesita- 
tion in describing these figures as misleading and altogether erroneous, 
for the simple reason that, as far as my very numerous observations go, 
india rubber possesses no solubility at all in the generally accepted sense 

*of this term. India rubber is either insoluble in a given medium, or, if 
‘soluble,’ it is so in absolutely all proportions. Nor do any of these 
authors seem to have observed the fact that the ‘solubility’ of india 
rubber, which in this case simply means the degree of ease with which it 
passes into solution, depends very greatly upon the condition under which 
“it is subjected to the action of the solvent. The ‘solubility’. of crude 
4though dry) india rubber in its original state is always very much slower 
than that of the same rubber after it has been washed, and the longer 
the india rubber has been subjected to the operations known as masticating, 
rolling, or kneading, the more rapidly does it pass into solution. 

But under whatever conditions india rubber is subjected to solvents 
there is no definite solubility, for the simple reason that such a thing as 
saturation does not exist in india rubber solutions, only concentration or 
dilution. Indeed, the actual fact is that such a thing as an india rubber 
solution does not, strictly speaking, exist. India rubber ‘ solutions’ are not 
solutions of india rubber in a solvent, but solutions of a so-called solvent in 
india rubber—a distinction with a considerable difference.! 

_ If we place a piece of india rubber—for the purpose of this experi- 
ment preferably masticated india rubber—in one of its ‘solvents,’ the 
rubber does not pass into the solvent, but the latter passes into the former, 
eswelling it very greatly, permeating every part of it, and forming a 
colloidal jelly. On adding more of the solvent, the same process repeats 
- itself until, very gradually, we reach a point when the jelly begins to flow. 
On the addition of fresh quantities of ‘solvent’ to this jelly, the latter tends 
to separate from the liquid employed as oil from water, and only very 
gradually does the latter enter into and further distend the jelly ; whereas, if 
normal solution took place, we should expect to see the jelly melting away 
into the liquid. But the whole process is of an exactly opposite character. 
This becomes strikingly apparent if we add to such a jelly a further quantity 
of solvent and stir vigorously. In this case we obtain at first an apparently 
thin solution, which, however, on close examination, will be found to possess 
all the characteristics of a gross emulsion of the jelly in the solvent. On 
* continuing the agitation, the apparent thin solution rapidly begins to 
thicken, often giving one the impression that the addition of more solvent 
had actually resulted in producing a more viscous ‘solution’ than we 
possessed before this dilution. By the time the jelly has been distended 
with solvent to such an extent as to represent the analogue of about a 
4 per cent. solution, we have reached such a degree of fluidity that further 


1 The same, indeed, applies, pari passu, to all the so-called solutions of colloids, 
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additions of the solvent appear to mix at once homogeneously with the 


whole solution. a 
Gapstonr and Hispert! observed that heating reduces the solubility ” 


of india rubber. If, however, the heat be applied to it in conjunction 
with a mechanical kneading treatment, its solubility vastly increases. 
Thoroughly ‘masticated ’ india rubber does not take as many hours to 
dissolve as the crude product requires days. Ee. 
The cause of this extraordinary physical behaviour is not at present 
understood, although we know that neither the application of heat by 
itself to india rubber, nor the combined influence of heat and mechanical 
working, induce any perceptible chemical change.? The physical change 
is, however, marked enough. It finds expression, as already remarked, 
in the much increased solubility of the product, and also in the increas@¢ 
of its plasticity at the expense of its elasticity. This change becomes the 
more marked the longer the rubber has been mechanically worked. But 
these observations, upon which rest important technical applications, are 


1 Journ. Chem. Soc., 1888, p. 679. 

2 By this term, here and in future, as applied to india rubber, I mean simply to 
designate the relative ease of forming a pseudo-solution, 

8 This statement might be called in question in view of the fact, well known to 
practical workers, that the longer india rubber has been worked mechanically, the more 
sulphur it requires for vulcanisation. It must be borne in mind, however, that to the 
manufacturer the term ‘vulcanisation’ denotes merely the physical aspect of the 
change produced in india rubber by sulphur at higher temperatures. The discovery that 
this physical change is due to the formation of an addition product of india rubber and 
sulphur is of quite recent date, and even at present there are still some workers who 
either altogether deny the formation of such compounds, or, if they admit it, consider it 
as without influence upon the physical result of the vulcanisation. Therefore, if the 
manufacturer describes a certain article as vulcanised, he does so merely upon the evidence 
of its physical properties, without any regard as to whether this article contains any free 
sulphur, and—if so—how much, or whether it does not. Now, while in the author’s 
opinion this book furnishes conclusive proof that the vulcanisation is the physical effect 
of the chemical combination of india rubber and sulphur, the degree of the physical 
effect thus produced is, however, a rather complicated function of the amount of sulphur 
combined with the india rubber (sulphur of vulcanisation), and of the physical state of 
the india rubber when subjected to vulcanisation. While, therefore, for india rubber in 
the same physical condition the physical vulcanisation effect increases proportionately 
with the amount of combined sulphur, equal quantities of combined sulphur in different 
samples do not necessarily imply physical equality of vulcanisation. In the latter 
respect two chemically equivalent samples differ according to the difference of the 
physical conditions of the india rubber from which respectively the two vulcanised 
samples were obtained. A highly interesting application of this fact is to be found in 
the manufacture of ebonite (hard rubber) 
india rubber is mechanically worked into a state of complete plasticity, almost entirely 
destroying its elasticity. Vulcanisation is then effected with a very large quantity of 
sulphur, yielding a tough, highly elastic product. If the india rubber were as little 
worked as is customary for the manufacture of soft rubber goods, the high degkee of 
vulcanisation would result in the production of a very hard, but extremely brittle, 
product. In other words, the great physical difference between rubber worked for 


varying lengths of time does not appreciably affeet its chemical behaviour towards 
sulphur, although it greatly influences the physical effect of the vulcanisation. 


. For the manufacture of this product the © 


¢ 


ray 


oe 
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as yet quite unaccounted for. So is also the well-known fact that the 
mechanical strength of india rubber which has once been dissolved is 
greatly inferior to that of the crude rubber, a difference which even 
persists after vulcanisation, and which finds expression in the universal 
commercial distinction of cut sheet rubber as against ‘spread sheet 
rubber,’ and between the goods manufactured from either of them. 

© It is not surprising that these facts, in conjunction with the observation 
“that rolled (calendered) sheets of india rubber show a considerable 
difference in tensile strength in the directions respectively of the length 
and width of the sheet, should have given rise to the opinion that india 

* rubber possesses something akin to the warp and weft structure of a 

textile fabric. Indeed, this crude analogue may yet be found to have 

esome foundation in an ultimate definite disposition of the molecules of all 

colloids in the plastic state at right angles to any strain acting upon the 
colloidal aggregate. It is certainly very curious that all colloids, which 
in the plastic state are formed into films, should possess considerably 
greater strength across the sheet or film than along it. 

To the unaided eye india rubber, as all other colloids, appears quite 
structureless. The reticulated structure attributed to it by PayeEn is 
perhaps due, not so much to its porosity, as to a particular form of 
distribution throughout its mass of the above mentioned insoluble con- 
stituent. Wu1Esner! has also observed this reticulated structure in some 
kinds of india rubber, but certain varieties he found to be entirely without. 

All varieties of india rubber, viewed under the polarising microscope, 
exhibit brilliant interference colours, particularly if thin sections are 
strongly compressed between two slides. 

° e According to Exner, india rubber possesses ‘perfect elasticity.’ But 
this statement is, to say the least, certainly misleading. It is neither true 
of crude nor of manufactured (vulcanised) india rubber, and is probably 
only another instance of the incorrect way in which the word ‘elastic’ is 
so often used, by none more so than by rubber manufacturers themselves. 

a) In scientific terminology that substance is regarded as having the highest 

coefficient of elasticity which requires the greatest stress to produce a 
given deformation or strain. Thus, the hardest steel is more perfectly 
elastic than a piece of india rubber, but it is certainly not so stretchable 

+ or distensible. | 

The distensibility of india rubber increases considerably with the 
temperature, and is, in the crude product, the same in every direction. It 
appears so far to have escaped observation, that, on distension, india rubber 
acquires a strong negative electric charge—.e., loses electric potential. This 
interesting phenomenon can easily be observed by stretching over an 
ordinary gold-leaf electroscope a small sheet, preferably unvulcanised, of 
pure india rubber. On removing the sheet while still in the stretched 
condition, the leaves will be found to diverge widely. On releasing the 

1 WIESNER, Rohstoffe, 2nd ed., 1900, 386. 
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stretched sheet, it returns, of course, to its original condition, and the 
potential becomes normal. On exposing distended india rubber to low 
temperatures, the distension remains permanent at ordinary temperature, 
but gradually disappears on heating. Ure found the specific gravity of 
india rubber in the normal and in the distended condition to be 0°9259 
and 0*9487 respectively. On first heating india rubber in the distended 
condition to 115° C. and then cooling it, no contraction occurs, and the © 
distension is rendered permanent. ; 

Not unconnected with the above described electrical phenomenon 
accompanying the distension of india rubber is probably the fact, observed 
by Jouts, that distension is accompanied by the evolution, and contraction 
by the absorption, of heat. In agreement with this is the observation due 
to TYNDALL that india rubber, distended to three times its length, contracts, 
on warming. On closer examination of this phenomenon, SCHMULEWITSCH 
showed that this contraction occurs only if a considerable load is attached 
to the india rubber: under a light load further distension takes place on the 
application of heat. Accordingly, there exists an intermediate load, under 
which the degree of distension of india rubber remains constant at various 
temperatures, 

On submitting unvulcanised india rubber to heat, its softness and 
stickiness increases, 1t becomes more plastic. Subjected to low tempera- 
tures, it grows very stiff, almost horny. This behaviour is considerably 
altered by vulcanisation, the effect of which is to render the physical 
properties of india rubber almost indifferent to temperature changes within 
the interval of from 0° C., or even somewhat lower, to 100°C. On 
immersion, however, into boiling liquid air, even vulcanised india rubber 
becomes hard and as brittle as glass. % 

The rate of diffusion of different gases through india rubber septa was 
found as follows by GraHam ! :-— 


Nitrogen, ¢ : : ward: Oxygen, . : ; : - 2°556 
Carbon monoxide, . 4 Apa ee kl-:} Hydrogen, ‘ é ; - 5°500 
rr, 7 . : : sy eLa9 Carbonic acid, . ; E 13585 
Methane, . : : : . 2°148 


GRAHAM, whose experiments in this direction were based upon 
corresponding observations made by Dr MrircHsty of Philadelphia, sug- 
gested that “those gases penetrate most readily which are easily liquefied 
by pressure, and which are also generally highly soluble in water or other 
liquids,” and he assumes that the gases entering into the rubber septum 
are liquefied in it, permeate it, and are again evolved on the other side. : 

WROBLEWSKI arrived at the following conclusions in an investigation on 
the absorption of gases :— 

1, Henry Dalton’s law for the absorption of liquids and gases applies 
also to india rubber and gases, ; 

2. The absorption coefficients of vulcanised india rubber are linear 

1 Phil. Trans., 1866, 399, | 


at 


c 
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functions of the temperature ; they decrease with increasing temperature 
for nitrous oxide and carbonic acid, but the absorption coefficient for 
hydrogen increases with the temperature. 
3. The absorption of nitrous oxide, carbonic acid, and hydrogen is a 
purely physical phenomenon involving no chemical reaction. 
4, Graham’s hypothesis assuming the liquid condensation of the gases 
: , within the india rubber is untenable. 
og 5. The absorbed gases persist in the gaseous state and retain all the 
| properties characteristic of the latter. 
6. The gases distribute themselves through the india rubber, according 
to the laws of thermal conductivity of solid bodies, which laws apply also 
4 to the absorption phenomena of all substances. 
RS 4 7. The constant D, of nitrous oxide, carbonic acid, and hydrogen is 
: independent of the chemical nature of the gases, and also of their co- 
efficients of absorption and saturation, 
8. It depends only upon the physical properties of the gases, their 
e specific gravities more particularly. Approximately it varies inversely as 
ee the square roots of their specific gravities, with this exception, however, 
. that the specifically very light gases possess a much greater constant than 
what would follow from the above relation. ; 
9. In the case of nitrous oxide and carbonic acid the constant D, 
eh 6 increases with the temperature. 
. 10. At 10° C. it amounts for these gases to about 0°02 of the 
Bess corresponding value for carbonic acid and water. 
11. An india rubber septum acts like a porous plate, possessing the 
property of condensing gases. The porosity of india rubber is of the 


‘ ; same order as that of solid graphite. 
Ba | 12. From Grawam’s experiments it may be inferred that also in 
ae heated metals the constant D, is smaller for the gases of lower specific 


gravity. 

In a series of experiments on grey vulcanised india rubber, Htrner! 
arrived at the following conclusions :— 

1. Within a range of temperatures from 5 to 25° C. there is no definite 
absorption coefficient of india rubber for air. The apparently existing 
absorption is an absorption of oxygen only, causing probably the oxidation 
of the india rubber. 

2. Within a range of temperatures from 15 to 25° C. india rubber 

» absorbs no measurable quantities of nitrogen, and the same is true of 
es 3. Hydrogen within a range of temperatures from - 2 to + 13° C. 
° 4. On the other hand, at a temperature of — 2° C. india rubber absorbs 
its ggvn volume of carbonic acid. 
: ZuLKowski has shown that the absorption of ethylene and of the higher 
aromatic hydrocarbons of coal gas is sufficiently marked to interfere with 
the illuminating power of the gas. India rubber is able to absorb 8°64 
1 Ann. Phys. Chem., N.¥. [84], 1. 
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per cent. of its weight of these gases. It must, however, be pointed out 
that these gases, when liquefied, are all energetic solvents of india rubber, 
and this absorption is therefore equivalent to the absorption of water vapour 
from the air by hygroscopic substances. 

Regarding the molecular weight of india rubber nothing of any definite 
nature is known at present. Its statistical formula, on the basis of the .. 
best analyses made with the most highly purified products obtainable, may - 
safely be accepted as C,)H,,, but is very probably many times larger. It 
cannot be smaller, for, although C,H, would express its percentage com- 
position equally well, GiapsToNne and Hipsert! have shown (see page 23) 
that for C, Hy, india rubber contains three ethylene bonds. From the 
behaviour of india rubber against sulphur monochloride, the author? has 
deducted the formula C;)Hg) as a possible minimum, and certain other © 
chemical facts since discovered have rendered this formula, or, as an alter- 
native, CO, ,H.,. as well within the range of possibilities, without, however, 
settling this important point. 

GLapsronE and Hipsert? attempted to ascertain it by determining the 
depression of the freezing point of a 10 per cent. solution of india rubber 
in benzene, but the observed depression was so exceedingly small, that if 
Raovtt’s law holds good in this case, the molecular weight of india rubber 
would appear to be of enormous magnitude. 


Action of Heat upon India Rubber. 


Under the influence of comparatively moderate degrees of dry heat the 
tackiness of all brands of india rubber increases more or less rapidly, but 
no comparative investigation of the softening effect of heat upon the differ- . 
ent brands has been made. It is, however, well known in rubber works 
that certain brands of india rubber cannot be hung up to dry in the form 
of sheets after the washing process, as they become so soft as to fall to pieces. 
It must not be supposed, however, that this softening of technically pure 
rubber is a property of the india rubber hydrocarbon itself absolutely. In 
commercial qualities of india rubber the resinous and oily substances all 
possess very low melting points; in many cases, indeed, they are liquid or | 
semi-liquid at ordinary temperatures, At higher temperatures they act 
upon the india rubber as solvents, and in this manner often greatly 
exaggerate what might seem to be the softening action of heat upon india 
rubber. For this reason the temperature at which any given brand of 


india rubber begins to soften or melt can only be stated within very wide ~ 


limits, as it varies for the same brand according to the percentage of resins 


present. Indeed, india rubber has no true melting point. With the rising 
temperature 1t grows softer and stickier, reaching sooner or later a‘con- 
dition in which it can no:longer be handled without adhering to everything 


1 Journ. Chem. Soc., 1888, p. 682. 
* Journ. Soc. Chem. Ind. [xv.], 1894, p. 16. 
® Jowrn. Chem. Soc. , 1888, p. 691. 
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it touches, and eventually it passes into a more or less fluid state. The 
point at which this occurs is generally stated to lie at a temperature of 
about 170 to 180°C. This, however, refers probably to india rubber (Para) 
containing its usual amount—1°5 per cent.—of oily and resinous matter. 
The melting point of india rubber purified by extraction with acetone certainly 
liesmuch higher. GLApsTonE and Hisserr! found that on heating a solu- 
tion of pure Para in toluene to 200° C. for two hours, and then distilling off 
' the solvent at 112° C., there was left a residue of absolutely unaltered india 
rubber. -Even when heated at 210° C. in a Sprengel vacuum, the india 
rubber was found to be only superficially melted, though after that treat- 
ment it dissolved very slowly in benzene. 

The combined action of heat and mechanical working upon india 
rubber is much more marked, and it is of considerable technical importance. 
It has, generally speaking, the effect of gradually increasing its plasticity 
and adhesiveness at the expense of its elasticity and cohesion. This effect 
is very curious and cannot be explained by the absorption of oxygen by the 
india rubber during the treatment, as this amounts to only from 0°5 to 4 
per cent. If this oxidation is prevented by carrying out the whole operation 
in an atmosphere of carbonic acid, the result is still the same. More 
remarkable still is the fact that the longer the above treatment is continued, 
the greater is the amount of sulphur required to obtain a certain mechanical 
standard of vulcanisation, or, in chemical terms, the higher is the amount 
of combined sulphur required in the india rubber in order to produce a 
solid and stable vulcanisation product. For this reason it is obvious that 
in the production of soft rubber goods the india rubber should be worked 
as little as possible ; whereas, for the production of hard rubber, the longer 
® it is worked, the better for the purpose. Mrnpsmr’s statement? that articles 
produced from ‘long worked’ india rubber are liable to decay rapidly is 
therefore entirely misleading ; they are so only if the degree of vulcanisation 
has not been adapted to the altered physical conditions produced in the 
india rubber. But this is equally true of india rubber in any other con- 
dition. 

Although no perceptible decomposition takes place at the temperature 
given above, india rubber liquefied at this temperature is found to have 
undergone a great change. On cooling, it remains very soft and sticky, 
and although on long standing it may return to a more solid condition, the 
former elasticity of the india rubber has disappeared, and it exhibits now a 
brittleness much resembling that of certain kinds of bitumen. To account 
for this remarkable change, Herzertine® suggests that the conversion of 
the india rubber into a tarry mass by heat may be a process similar to the 
conversion of starch into starch paste. This analogy is, however, too 
superficial ; it barely expresses the physical aspect of the observed facts, 
and it is either inadequate or misleading if applied to the explanation of 


1 Journ. Chem. Soc., 1888, p. 686. 2 Gummi Zeitung, 14, 687. 
3 Fabrik. der Kautschuk- und Gutta-Percha-Waaren, Braunschweig, 1883. 
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the chemical aspect of the change in question. For whereas the process of 
the liquefaction of starch is a hydration process dependent upon the inter- 
action of starch and water under the influence of higher temperature, the 
liquefaction of india rubber under the influence of heat involves no 
chemical reaction ; it is most likely due to a physico-chemical or molecular 
change comparable to the conversion of paraldehyde into aldehyde. In 


other words, the liquefaction of india rubber is probably due to the breaking © 


up of the no doubt very large india rubber molecule into smaller molecules © 
of the same empirical formula. This is shown by the fact, which will be 
dealt with in detail later on, that india rubber in its primary state, as well 
as after liquefaction, at any temperature up to 200° C., and even the 
products of the dry distillation of india rubber, all possess the empirical 
formula C,)H,,, and form a bromine addition product C,,H,,Br, But there | 
is this difference between these conversion products and india rubber, that 
the higher the temperature at which they have been formed, the more 
soluble and the more reactive they are, and this also holds good for the 
bromides of these conversion products as compared with the bromide 
obtained direct from india rubber. Now this break up of the india rubber 
molecule is carried to its extreme limits in the dry distillation of india 
rubber. This has been investigated, with highly interesting results, by a 
number of observers. Nevertheless, the subject is one still inviting research, 
and, even as far as it has been dealt with, one that requires revision in a 
number of points, 

The dry distillation of india rubber was first investigated by Hmu«ty,! 
at almost the same time as by BoucHarpat.? But no more recent investi- 
gation than that of WinL1ams® in 1860 appears to have been made. From 


the distillation products three definite compounds were isolated: isoprene , 


C;H, (B.P. 37-38" C.), caoutchene C,,H,, (B.P. 171° C.), and heveene 
(B.P. 315° C). According to Boucnarpat, the crude distillate also contains 
a butylene C,H, boiling at between—18 and 0° C. Five kilos of fresh 
Para rubber yield, besides a small quantity of gases, 250 grms. of isoprene, 
2000 grms. of caoutchene, and 600 grms, of heveene. The rest consists of 
very heavy oils possessing very high boiling points. There is, however, no 
doubt that these yields depend largely upon the conditions under which 
the distillation is carried out, although the qualitative products remain 
the same in every case. Now, while this shows that the production of the 
above named bodies in the dry distillation of india rubber does not indicate 
three or more different lines of cleavage in the molecule of the latter, it 


points very distinctly towards the assumption that these three or more ~ 


compounds stand in close genetic relation to each other. If we disregard 
the observation of Boucuarpat that a small quantity of butylene is formed 
in the dry distillation of india rubber, an observation which, so far, hasnot 
been confirmed, we find that all the characteristic products formed in this 


1 Ann, Chem., 27, 41. 2 Bullet. Soc. chim., 24, 108, 
3 Proc. Roy. Soc., 10, 517. 
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process are characterised by the same percentage composition, and their 
respective molecular complexes by the general formula (C;H,),, which 
also includes the mother substance, india rubber itself. This consideration 
renders it highly imprc bable that any of the above named compounds are 
immediate products of the destructive distillation of india rubber, but 
rather suggests that they are all due to the disintegration of larger 
molecules. With regard to isoprene, this is scarcely open to doubt, inas- 
much as T1nDEN+ showed it to be one of the products of the destructive 
distillation of various terpenes. ‘The fact that of the above named bodies 
only isoprene, and neither caoutchene nor heveene, is capable of polymerisa- 
tion into india rubber? renders the existence of the hexane ring, in the 
molecule of the latter at least, very doubtful. But this doubt becomes 


, 2 certainty in the light of the results obtained by Gs apstong and Hippert * 


in the optical examination of india rubber. In investigating the optical 
properties of india rubber, taking C,H), as the molecule of this compound, 
these authors desired to ascertain whether the C,,H,, molecule of india 
rubber contains one, two, or more pairs of doubly linked carbon atoms. 

“The theoretical refraction and dispersion equivalents of C,)H,, in the 
three conditions above mentioned would be as follows, assuming that each 
pair of doubly linked eecHon atoms would produce SHE same increment as 
in the aromatic series” 


C,oHig pei penta 
1 pair of doubly linked carbons, . ; ; 73°0 4°0 
Be Is “s % ; : : 75:2 4°8 
oH We iy ¥. Sa NAN ai py 56 


GuLapsTone and Hresert found that the optical constants of india 
rubber exhibit considerable variations in different specimens. These 
variations appear to be in direct proportion of the amount of oxygen 
present, which, it is safe to assume, attaches itself to the doubly linked 
carbon atoms present, thereby suspending the double bond and lowering 
both the refraction and dispersion equivalents. However, two especially 
carefully prepared samples yielded the following figures on examination :— 


wal Mert — MA 
Sanvple. Paar Saar 
Noe 1a, ¥ ‘ ‘ é 4 : 76°87 567 
POM bL Hs ‘3 . ; : ; ; : 77°59 5°34 


These figures leave little doubt that india rubber, for C,,H,,, contains 
three pairs of doubly linked carbon atoms. 

“If this be the case, the molecular formula cannot be C,H, like 
isoprene, or C,;H,, like citrene, as these would give respectively one and 
a half, and four and a half, pairs of carbon atoms united by double linking. 

1 Trans. Chem. Soc., 45, 410. 2 TinpEN, Chem. News, 1892, p. 265. 
3 Journ. Chem. Soc., 1888, p. 680. 


4 These numbers are taken from the experimental series given in the authors’ 
repeatedly quoted paper. 
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It cannot contain the hexagonal ring,! but must be expressed graphically 
by a chain formula. This may account for the wide difference of properties 
between caoutchouc and the various essential oils. 

“The general results of the destructive action of heat upon caoutchouc 
may therefore be considered as involving no change in the proportion of 
carbon to H, but changes of structure in the hydrocarbon which are best 


represented by the following optical constitutional formule. In this table © 


©” is used for C, having the refraction equivalent 6°1 and the dispersion 
equivalent 0°66” :— 
Optical Constitutional 


Substance. Hariatia: 
India rubber (polyprene), : ; F n O"—C4Hig 
Isoprene, “ : ; C" CH, 
Caoutchene (aipentenen ; : f C" »,CeHig 
Heveene, g : : é : n O"oCsHg 


One is forcibly reminded by these facts of the very similar type of 
reactions exhibited by a well-known camphor, geraniol, and geranial, its 
aldehyde. Geraniol has been shown to possess the formula C,,H,,.O 


(CH,),CH.CH,.CH : CH.C(CH,) : CH.CH,(OH). 
On oxidation with bichromate it yields an aldehyde, geranial, C,,H,,O 
(CH,),CH. CH,,CH : CH.C(CH,) : CH.CHO, 


and this, on treatment with dehydrating agents, splits off water with 
formation of cymene. This transformation is an exact parallel to the 
formation of dipentene and heveene in the destructive distillation of india 
rubber. We have at any rate here the same transformation of an olefinic 
carbon chain (geranial) into a derivative of a cyclohexane. This process, in 


its application to the india rubber problem, isso interesting that it is worth e 


while illustrating more clearly the formation of the hexane ring from the 
open chain, ‘This is best done by the following graphical representation — 


CH, CH; CH, CH, 
epee 
CH CH 
| | 
CH, (@ : 
=f | 
CH.OCH CH CH | 
| | I 
CH CH CH CH 
4 YY 
C C 
| | | 
CH, CH, 
Geranial. Cymene. 


In its results upon the optical constants of the two compounds this! _ process 
is, however, exactly the reverse to what we observed in the case of india 
rubber. It will, of course, be observed that this is simply due to e fact 


1 The exactly contrary statement in the article ‘‘ India Rubber,” in vol. i. p. 311 of 


Thorpe's Dict. of Appl. Chem., is obviously a misquotation by the compile of that 
article. 


> 


Ls 
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that in the case of geranial the ring formation is not due, as in the case of 
india rubber, to a physical rearrangement of carbon bonds, but to a 
dehydration process which results in the formation of a benzene derivative 
as distinguished from a terpene. 
Now, if we apply to geraniol the same process of dehydration which 
from geranial led to cymene, it is obvious that we should obtain a com- 
@pound C,,H,,, a terpene. This important experiment was carried out by 
SEMMLER,! and resulted in the formation of an undoubted terpene. The 
optical analysis of this terpene, geraniene, indicated the existence in it of 
three ethylene bonds, full proof of which was furnished by the formation 
of an addition product C,)H,,Br,. This shows that in geraniene we have a 
terpene which stands evidently in the same relation to india rubber as 
the monocyclical terpenes to the polyterpenes. Just as there is a homo- 
logous series of cycloterpenes, the terms of which differ from each other 
by an increment C,H,, and all of which answer the general formula (C;H,),, 
so also there is, no doubt, a series of olefinic or open chain terpenes,? of 
which geraniene and india rubber are extreme terms. 

The connecting link between these two series is the hemiterpene isoprene 
C.H,, which on polymerisation may, and indeed does, form simultaneously 
representatives of both series ; for we know already that in the polymerisa- 
tion of isoprene, india rubber, the olefinic polyterpene, is formed at the 
same time as the cycloterpene dipentene. 

‘The constitution of this connecting link, isoprene, has long been 
doubtful, but has recently been elucidated by Ipatierr and Wirrorr.? 
* Already TixpEn,* however, came to the conclusion that the constitution of 

isoprene would most probably have to be expressed by the graphical formula 

CH, = C(CH;) - CH = CH,, which compound he described as $-methyl- 

erotonylene, although he did not succeed to furnish experimental proof 

for this assumption. Watuacn’s® investigations thoroughly confirmed 

BovucHarpat’s ® and TruprEn’s results, and he further established the perfect 

identity of the terpene C,,H,,, formed by the polymerisation of isoprene 

with cymene (dipentene). 

The first approach towards experimental confirmation of TILDEN’s 
formula of isoprene was, however, furnished by Gapziatzxy,’ who 
from the monochlorhydrate of isoprene obtained a tertiary alcohol 


OH, 
con _ CH=CH, 
CH, 


»dimethyl-vinylcarbinol. Soon afterwards the same author® found that, 


1 Ber., 24, 682. 

& 2 With the exception of india rubber, no higher term of the olefinic terpene series is 
knowy at present than C,)H,,, but several isomers of this formula and series are already 
known. 

3 Journ. prakt. Chem. [2], 55, p. 1, 1896. 4 Chem. News, 46, 129. 
5 Ann. Chem., 227, 292. 6 loc. cit. 7 Bull. Soc. chim. [2], 47,168. 
8 Journ. russ. chem. Ges., 20, i. 706. 
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on heating with weak alcoholic hydrochloric acid, isoprene is transformed 
into an isomeric dimethyl-allene, which transformation he expressed graphi- 
cally thus :— 


AEs CH, 
CH,=CH-C¢  +HCl = OH,=CH-CC 
NCH, | ‘CH; 
CH, CH; © 
CH,=CH-CC mie ee CH,=C=0¢ 
| NOH, CH, 


Cl 


So far all the addition products of isoprene obtained by the above named 
authors are liquids possessing somewhat indefinite physical characteristics, 
and more or less prone to decomposition on distillation. But in 1895 
Moxizwsky ! succeeded to obtain a solid crystalline body (M.P. 81° C.) by the 
action of hypochlorous acid upon isoprene. The empirical formula of this. 
substance was found to be C,H,,0,Cl,. Besides this solid body, which he 
regarded as an addition product of two molecules of hypochlorous acid with 
one molecule of the hydrocarbon C,H,, he obtained a liquid (B.P. 141° C.), 
the analysis of which led to the formula C,H,,0Cl, and which, on treat- 
ment with alkali, yielded trimethyl-ethylene oxide and a glycol. From 
this Moxiewsky inferred that in the distillation of pinene through red- 
hot tubes, by which process he had obtained the raw material for his. 
investigation, a mixture of trimethyl-ethylene (CH,),0 =CH.CH, and of 
a hydrocarbon C,H, is obtained, the latter constituting the bulk of the 
distillate. 

This fact must appear particularly interesting since I[paTimw and 
Wittorr? succeeded in isolating trimethyl-ethylene also from the products 
of the dry distillation of india rubber. The hydrocarbon C,H, accom, 
panying it, they isolated in the shape of a dihydrobromide of the formula 
C.H,,Br,, and this substance was found to be identical with the dihydro- 
bromide obtainable from the above mentioned f-dimethyl-allene. This led 
the authors to conclude that the hydrocarbon C;H,, isoprene, must 
possess the constitution of a ®-methyl-divinyl, as only such a compound 
could be expected to yield the same dihydrobromide as the unsymmetrical 


dimethylallene. This will become perfectly clear by a perusal of the 
following graphic representation :— 


« 


CHa. CH; 
_ )0-CH=CH,+2HBr = Sor - CH, - CH,Br 
CH, CH, 
__ Isoprene (8-methyl-diviny]) Dimethyl]-trimethylene-bromide. 
YS 9-0=CH, +2HB <a 
ait ls Fee r = CBr-—CH, -CH.Br 
CH,’ CH, ae 
B-dimethyl-allene, Dimethyl-trimethylene-bromide. © 


In completing his proof of the constitution of isoprene, [paTIEW ® shows. 


1 Journ. russ. chem. Ges., 27, 516. 
2 Journ. prakt. Chem. [2], 55, 1. 3 Ibid. [2], 55 4. 
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that the action of alcoholic potash upon dimethyl-trimethylene-bromide, 
whether prepared from isoprene or -dimethyl-allene, always yields the 
same hydrocarbon, boiling at from 32 to 33° C. This remarkably low 
boiling point of this hydrocarbon (C,H,), as well as its other properties, 
ia altogether preclude the assumption of its constitution being that of either 
‘ a secondary or di-substituted acetylene, nor of 6-dimethyl-allene, so that 
‘ sthere remains for isoprene only the formula of @-methyl-diviny]l, 


OH 


aN 
OH, ae CH =CH,,. 

That the peculiar distribution of the ethylene bonds in methyl-divinyl 
must actually exist in isoprene, he proves, not only by the identity of the 
dihydrobromide of isoprene with the dihydrobromide of allene, but more 
particularly by the fact of it producing with hypochlorous acid a dichlor- 
hydrine, a property very characteristic of hydrocarbons of the diallyl type. 

The final proof of the identity of isoprene with 6-methyl-divinyl was 

subsequently furnished by EvuxEr,! who succeeded in preparing 8-methyl- 

divinyl synthetically, and found it in all its remarkable properties identical 

' with isoprene. He used as his starting-point the observation of C1AMIcIAN 

and Maenacui,? that dimethyl-pyrollidyl-ammonium-iodide on treatment 

with caustic potash yields divinyl. There being a 6-methyl-pyrollidine 

known, it was to be expected that this substance could be similarly con- 

+ verted into ~-methyl-divinyl. This he accomplished by the following 
reactions :— 


° iit 
a ; CH;.CH.CH, CH;. rae CH, 
Ui, | NH+2CH,I+ KOH = 5 ys ctl; KI+H,0 
Bed CH,.CH dyer, H, 
e 4 g-methyl-pyrollidine. p-methyl- dimethyl- pyrollidyl- ammonium- 
lodide. 
o CH, i CH, ” Ol C=CH, 
my, dn, CH, CH,.CH,.N 8 
vit CH; 
i §-methyl-dimethyl-pyrollidine. 
i 
4 III. 
* CH,;.C=CH, CH,.C=CH, 
ee | GH. CH= l Yo 
a CH,.CH,. NC CH,.CH,. Non 
i CH 


3 


3s 


aw 


ee ey 
ammonium-iodide. 


Aaa eo 
ie 
. 


eS 

g CH,C=CH, og, eco. 

a -* on, CH, N cn + KOH = dog, + N(CH, +KI+H,0 
Al XI 


B-methyl-divinyl. 


1 Journ. prakt. Chem. (2), 57, 181. 2 Ber., 18, 2080. 
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The f-methyl-divinyl so obtained is in every respect identical with 
isoprene, the constitution of which is therefore definitely established. 

I have dwelt upon this matter of the constitution of isoprene to an 
extent which might, perhaps, appear rather beyond the scope of this book. 
But I would point out that this book, although purporting to be an ana- 
lytical treatise, is also intended for the use of those to whom india rubber 
is more than a raw material for technical purposes, and to those an account 
such as the above will appear deeply interesting and even helpful. 

It has been already repeatedly stated that isoprene under various con- 
ditions may be polymerised again into india rubber, which process is, 
however, invariably accompanied by the polymerisation of a considerable 
part of it into a cycloterpene, sesquiterpene, and even higher members of 
the cycloterpene series. The process is no doubt a very complicated one, 
and is entirely unknown how, and what description of, an open chain is 
formed representing india rubber. All we can say on this point is that no 
configuration containing cyclical rings of any sort would result in a product, 
the configuration of which, as regards the number of ethylene bonds in 
the C,,H,, unit, could be brought into accordance with the above quoted 
results of the refraction equivalent of india rubber. The manner in which 
isoprene can polymerise into derivatives of the cycloterpene series is, how- 
ever, quite obvious, and will readily be seen from the two following diagrams, 


CH; HC 7 CH 

ba Mere 
HC C CH 

HC CH | | 


VAN et 2 
HO. OH H,C S 1c, : 
the H, | Hy 
Cc H 
fon 
CH CH; CH, 
va 
CH, CH, Sesquiterpene C,;H.,. 


Terpene C,)H,,. 


in which the dotted bonds show the junctions of one molecule to the other. 
It will be observed that even polymerisations such as these are very 


complicated processes indeed, involving a peculiar process of migration 
of hydrogen atoms. 


By far the bulk of the products of the destructive distillation of india 
rubber consists of the well-known cycloterpene known as dipentene, the* 
constitution of which may be expressed graphically :— 


CH, — CH — CH, 
CH;—C =CH, A’’3_Terpadiéne. 
CH,——C(CH,) : CH 


Besides occurring naturally in various essential oils, it may be obtained in 


ee 
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a variety of ways from either certain terpenes or terpene derivatives, The 
boiling point of dipentene, the caoutchene of the older literature, was 
observed by Wauuacu at 178° C.,! its specific gravity as 0°845. Dipentene 
is optically inactive, and as all its derivatives can also be prepared by mix- 
ing together equal quantities by weight of the corresponding derivatives of 
leavo- and dextro-limonene, it follows that dipentene is the racemic modifica- 
Yion of limonene. 

A rather considerable proportion of distillate yielded by the dry 
distillation of india rubber consists of heveene C,,H,,, a sesquiterpene, 
B.P. 255-265° C. Its constitution, like that of the sesquiterpenes in 
general, is still quite unknown. It certainly cannot be that of the 
sesquiterpene figured on page 28, since GLADSTONE and Hissrrtr showed 
heveene to contain one pair of doubly linked carbon atoms for C,Hg. 

‘The very considerable remaining part of the india rubber distillate 
consists of bodies boiling above 300° C. These bodies are not only, like the 
lower boiling fractions, hydrocarbons, but their composition still conforms 
to the formula (C,)H,,),. They are therefore, no doubt, diterpenes, and 
perhaps even in part still higher polyterpenes. For the disentanglement 
of mixtures of this description our present methods are ineffective. 

The amount of carbon remaining behind on the destructive distillation 
of india rubber is surprisingly small—indeed, so small as to suggest that it 
is more due to its albuminous and other impurities than to the india rubber 
itself. From 3 kgms, of carefully washed and ‘vacuum-dried india rubber 
(Para) I obtained :— 


Isoprene, : 4 ; . 186 grms.= 6:2 per cent.? 
Dipentene, . 5 , eS Oire, tie ere Oar ace 

ry Heveene, : , ‘ ap LOT eeu Ack ic tae 
Polyterpenes, : 4 Mea stel ds sat gan Mt = 7-119 = aes 
Carbon residue, . ; ; A Peale a ome Bt a 
Mineral residue, . : d Tee nO Oth, ki 
Loss (water and gases), . : CSE ME peat be) Be: ae a 


To draw inferences from these figures as to the chemical constitution 
of india rubber is extremely difficult, if not altogether premature. The 
formation of these compounds may be accounted for in three ways, and 
I believe that a careful study of the behaviour of india rubber at 
temperatures below the point at which dry distillation begins would 
throw much light upon the mechanism of this splitting-up process. The 
split might, in the first instance, occur in its totality at a given temperature, 

sabout red heat, resulting in the total resolution of the india rubber 
molecule into isoprene. In this case the terpenes and polyterpenes 


* present in the distillate would have to be looked upon as secondary 


1 Sometimes the boiling point is given as 174°5° C., but this was most likely observed 
on a still impure product. 

2 It will be observed that this yield of 6 per cent. of isoprene is considerably larger 
than the yield obtained by Boucuarpar (see page 22). This is no doubt due to the 
difference of the conditions under which the dry distillation was carried out. 
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products—t.e.,, as polymerisation products of the isoprene. If this is so, 
it would follow that the yield of isoprene should increase with the rate 
at which the distillation is carried out, and should also be increased by 
earrying the distillation products rapidly from the hot retort by means of 
a current of some inert gas. Or the action of the heat might produce a 
gradual desintegration of the rubber molecule, accompanied by rearrange- 
ment of C,-chains, into cyclical form and products of the colophene typef 
the break-down of which might then produce dipentene and isoprene, with 
the possibility of the formation of the latter being due to the further 
splitting up of the dipentene ring. 

In this case valuable information would be obtained by heating the 
india rubber for various lengths of time to temperatures somewhat below 
the point at which actual distillation begins, and examining the changes 
occurring both physically! and chemically. It might be further 
ascertained whether dipentine, when distilled through red-hot tubes, 
yields appreciable quantities of isoprene. Or, lastly, the india rubher 
might, in the first instance, without any change in the size of its molecule, 
be converted into its corresponding cyclical modification, which then would 
probably possess considerable stability, and therefore, when breaking up, 
yield at once all the above characterised products side by side. Although 
the data furnished by an exhaustive investigation would perhaps scarcely 
carry us very far towards the solution of the question of the constitution 
of india rubber, they could not fail to be of the highest scientific and 
technical value. 

As above stated, the behaviour of the various brands of india rubber 
against temperatures upwards of 100° C. varies considerably as regards 
the temperature at which the india rubber becomes softened or liquefied 
But there appears to be no difference whatever in the products of the 
break-down of india rubber by heat as it occurs in the process of dry 
distillation. All brands of india rubber, including Balata and gutta 
percha, seem to yield the same series of hydrocarbons as Paréa itself. It 
can, however, scarcely be said that this point has been closely studied, and 
it is quite possible that further research in this direction might reveal differ- 
ences in these distillation products which would in some degree explain the 
very marked physical and chemical differences of the various brands of 
india rubber. 


Chemical Behaviour of India Rubber. 


The chemical behaviour of india rubber has received less attention than’ 
that of any other colloid. The explanation of this fact is no doubt to be 
found in the circumstance that india rubber is a colloidal hydrocarbon. 
The absence of reactive carboxyl, hydroxyl, or amido groups deprives the 
india rubber molecule of those peculiar lines of cleavage, the existence of 
which determines the nature and constitution of the break-down products 


1 Especially refractrometrically, 


nd 
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‘of complex molecules. And this chemical indifference of india rubber 
becomes still more accentuated owing to its colloidal state. Indeed, but 
for the existence of a number of doubly linked carbon atoms in the 
molecule of india rubber, this substance would in chemical indifference 
equal, if not exceed, the higher members of the paraflin series. As it is, 
all the more definite chemical reactions of india rubber are reactions 
*tesolving one or more of its double carbon bonds—reactions generally 
leading to the formation of addition products. Very few only of these 
have been described, and none of them thoroughly investigated. 
Alkalies.—Neither aqueous nor alcoholic solutions of the alkalies 
appear to have an appreciable action upon india rubber—at any rate, not 
at temperatures below 100°C. It is, however, stated that on prolonged 
Cigestion in these solutions the india rubber becomes sticky and ‘ greasy.’ 


_ This change is probably an isomerisation change similar to the one which 


occurs when india rubber is heated by itself to higher temperatures. 

Rather interesting is the observation ? that on prolonged digestion with 
ammonia the india rubber passes into the state of an emulsion, in 
appearance closely resembling india rubber milk. 

Halogens. Chlorine.—Wtrrz and ScHtTzENBERGER® were the first 
to observe the action of chlorine upon india rubber, but neither of these 
authors appears to have recognised the formation of any definite compound. 
This is, no doubt, aue to the fact that they allowed the chlorine to act 
upon solid rubber, a procedure which might be expected to give unsatis- 
factory results. 

By passing chlorine gas through a solution of india rubber in chloro- 
form, GLADsToNE and Hippert succeeded in obtaining a body C,)H,,Cl, 
4n the form of a white powder, This formula shows that the reaction 
taking place was not merely an addition process, but also that substitution 
of chlorine for hydrogen occurred. Indeed, the authors state that they 
found it impossible to obtain an addition product C,,H,,Cl,, as the 
reaction proceeds so energetically that addition and substitution take 
place concurrently. 

Bromine.—The same observers obtained, by the action of bromine upon 
india rubber dissolved in chloroform, the products C,)H,,Br, and C,)H,,Br;, 
although they did not succeed in isolating the former. It was found 


impossible to obtain the hexabromide C,,H,,Br,, although the existence 


of three ethylene bonds in the molecule of india rubber would appear to 


,render such a compound possible. In this relation it may, however, be 


pointed out that some law of chemical statics seems to prevent the 


» accumulation of iodine and bromine in a molecule, irrespective of the 


constitution of the latter. Thus the interaction of acetylene and bromine 
always produces some tribrom-ethylene CHBr=CBr,, besides CHBr,: 
1 Of, CHAPEL, Caoutchouc et Gutta Percha, 319. 


2 HEINZERLING, Fabr. d. Kautschuk- und Gutta-Percha-Waaren, p. 29. 
3 CHAPEL, loc. cit., 322. 
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CHBr,, which forms the chief product of the reaction. This is 
exactly analogous to the formation of the above named pentabromide. 
Iodine only yields a di-iodide with acetylene. 

The simplest way to prepare the above named body, polyprene tetra- 
bromide C, ,H,,Br, is to run bromine in slight excess into a solution of 
pure india rubber in chloroform, cooling the solution well all the time. 
Only a very slight amount of hydrobromic acid is evolved during this® 
process. The solution of the tetrabromide thus obtained is transferred to 
a separating funnel, from which it is run in a very fine jet into alcohol. 
In order to avoid the tetrabromide separating out in the form of clots, its 
solution should be very dilute, and a large volume of alcohol should be 
used for precipitation. The tetrabromide is then obtained in the form of 
very fine white flakes, which are collected on a filter and washed with warn 
alcohol until free from every trace of chlorine. The product is then 
pressed and dried at a temperature not exceeding 40° C. Its composition 
approximates more and more closely to the formula C,)H,,Br,, the greater 
the care taken to free the india rubber from which it was prepared as 
much as possible from its oxygen. 

In the cold, polyprene tetrabromide is fairly easily soluble in chloro- 
form and thiophenol, but quite insoluble in all other solvents tried. It 
dissolves in aniline, pyridine, and piperidine on moderately heating it in 
these solvents, but solution always appears to be attended by the loss of 
more or less hydrobromic acid. 

On heating the polyprene tetrabromide to 60° C., it begins to decompose 
with evolution of hydrobromic acid ; a yellow discolouration, which increases 
in intensity as the decomposition proceeds, becomes at the same time 
noticeable. At higher temperatures this decomposition proceeds veryt 
rapidly, resulting finally in the formation of a very uninviting-looking dark- 
brown residue, which, however, still contains a more or less considerable 
quantity of bromine. 

The action of boiling alcoholic caustic soda upon the tetrabromide is 
surprisingly slight, but sodium ethylate has a more pronounced effect, 
especially at temperatures ranging from 100° C. upwards. 

0°624 erms. of C,,H,,Br, were heated with sodium ethylate to 100° C. 
in a sealed tube for 6 hours : 

Solid substance recovered : 0°3623 grms. =58°06 per cent, 
Br in recovered portion :0°1184 ,, =18°28 _,, 1 
Br in solution 70:3210 © a Seb iade 


>? 


0°6154 germs. of C,)H,,Br, were heated with sodium ethylate to 120° C. ~ 


for 10 hours: 
Solid substance recovered : 0°3438 grms. = 55°87 per cent. 
Br in recovered portion :0°0823 ,, =138°38 ,, 1 c 
Br in solution : O°S478" 8) ee Obra 


9 


1 The amount of Br is calculated upon the weight of the original substance employed 
and not upon the weight of recovered solid substance. 


c 


€ 
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Attention must be called to the fact that the weight of substance 
recovered plus the weight of bromine in solution in both experiments is 
considerably in excess of the weight of tetrabromide used. This must be 
accepted as pointing to the fact that the removal of the bromine is a 
substitution process, probably of ethoxyl groups for bromine. 

Against acid and oxidising reagents the tetrabromide exhibits consider- 

*able indifference. Concentrated nitric and sulphuric acid affect it very 
slowly. Chromic acid, or mixtures of chromic and sulphuric acid, are with- 
out any perceptible action, even at 100° C, 

Very remarkable is the reaction which takes place on heating the 
Mad tetrabromide with phenol. The operation is best conducted on the water- 
bath by adding the tetrabromide to the melted phenol. Already at 
§0° C. a rapid change of colour is noticeable, the tetrabromide assuming 
first a dull slate colour which rapidly darkens to a blackish-brown. The 
mass at the same time becomes gummy and begins to form a brownish- 
purple solution with the phenol, At this stage a steady evolution of 
hydrobromic acid gas commences. As the reaction proceeds, the mass 
grows thinner until, after about thirty minutes’ heating, a thin purple- 
coloured solution is obtained. This solution is allowed to cool, and, after 
dilution with twice its volume of ether, it is filtered. If the operation 
has been properly conducted, there should remain no insoluble residue on 
the filter. The filtrate is then distilled on the water-bath untilno more 
ether passes over, and the residual solution is poured into a sufficient quantity 
of a 6 per cent. solution of caustic soda, in order to dissolve all the phenol 
present. A dark-brown solution is obtained, which is heated until all the 
residual ether is driven off. Acetic acid is then slowly added until a 
> permanent, greyish-brown, and flocculent precipitate has been formed, This 
___ is separated from the phenol solution by filtration, and, without previous 
washing, again suspended in warm water and acidulated with acetic acid. 
The suspended precipitate changes its colour into a more or less pronounced 
brown, much resembling the colour of ferric hydroxide. It is heated to 
boiling, filtered and washed free from acid. When dry, it forms an ochre- 

coloured mass, easily reducible to an impalpable powder. 
This substance is readily soluble in aqueous and alcoholic caustic soda, 
alcohol, acetone, ethyl ether, ethyl acetate ; insoluble in benzene, chloroform, 
* carbon bisulphide, and petroleum ether. Its analysis gave the following 


figures :—— 
a “ 0°1622 grm. substance, . ‘ . 0°4785 grm. CO,, 0°1184 grm. H,0. 
i.» Calculated for CHEB ; : . € 80°16, H 7°14. 
ts Found, . ; : Ae Lope oy At 
i] 


The analysis agrees very well with the figures calculated for a body 
C,H, (0.C,H;),, tetroxyphenyl-polyprene, and its formation therefore would 
appear to be due to the very remarkable reaction 

C,H, Br, + 4C,H,OH = C,,H,,(0.C,H;), + 4HBr. 


9 
oO 
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The yield of this body was found in the great number of preparations 
made to amount very uniformly to from 60 to 60°5 per cent. of the weight 
of tetrabromide acted upon. ‘This accounts almost exactly for one half of 
the tetrabromide taken. What happens to the other half, I have not yet 
been able to ascertain. Considering, however, the fact demonstrated by 
Guapstonr and Hissert,! that a solution of india rubber in toluene can be 
heated to 200° C. without being thereby in the least affected, it seems‘ 
highly improbable that the above described reaction which can be affected 
at water-bath temperature should lead to a break-down of the polyprene 
molecule. Nevertheless, the inference to be drawn from the yield in the 
above’ process must be that the reaction in question is not so simple as it 
looks. This is fully borne out by the observation that, by confining the 
heating in the above process to from-90 to 95° C, on the water-bath, and 
treating the resulting solution in the same manner as before described, a 
body is obtained which in appearance scarcely differs from the first, and 
which behaves much in the same way against solvents. On analysis this 
body gave the following figures :— 


0°1395 grm. substance, . ; . 0°3860 grm. CO,, 0846°0 grm. H,0. 
Calculated for C.,H5,06,, - 5 Mr DOs, kaOr ote 
Found, . : y : : Cp 7b"41 ; Hy 65738. 


According to this analysis, this body would appear to be tetroxyphenyl- 
dioxypolyprene. 

The formation of this body is very difficult to explain, and this difficulty 
increases if we precipitate the phenol melts as above described by running 
them into a large volume (4000 c.c.) of benzene. In this case precipitates 
are obtained, the colour of which, according to the conditions under which 
the reaction was carried out, varies from a somewhat dull crimson to a rick 
deep shade of indigo. 

In carrying out the above described reaction by heating on the water- 
bath only, and precipitating the melt by running it into 4000 c.c. of benzene, 
a dark-purple precipitate is obtained, separating out in very fine flakes. 
This is allowed to settle, the bulk of the supernatant liquid decanted off, 
the rest filtered, the filter-residue washed with benzene, and dried at from 
40 to 50° C. The product formed is of a very fine deep indigo colour, 
and is easily crushed into an impalpable powder. It is soluble in alcohol, 
acetone, glacial acetic acid, and acetic anhydride. On standing, the purple 
colour of these solutions soon changes into a pale brown, but the colour 
of the solution in glacial acetic acid persists for a long time. The product 
appears to be very slightly soluble in chloroform. It is insoluble in ether, 
benzene, and carbon bisulphide. Its analysis gave the following figures :— 


0°1742 grm. substance, . , - 0°4472 grm. CO,, 0°1054 grm. H,0, 
Calculated for CHO, - : . . C, 70-48; H, 6-09, " 
Found, . , : : C, 70°09 ; H, 6-78. 


1 Journ. Chem. Soc., 1888, p 686. 
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It will be seen that this analysis agrees tolerably well with the com- 
position calculated for a body C,,H,,0, (OC,H,);. Ihave, however, strong 
reasons for believing that this substance contains some slight impurity, to 
which, probably, its colour is due, but which, so far, I have not succéeded 
in removing. It will also be observed that this body would appear to be a 
still more complicated compound of the type of bodies represented by the 


* above described compound C,,H,,0,. 


I possess, at the present moment, no conclusive proof of the purity of 
this substance, or, rather, respecting the amount and nature of its ¢mpurity. 
But it is perhaps worth mentioning that the temperature at which it is 
prepared may be considerably varied from 100° C. downwards without any 
sensible alteration of the composition of the product. Thus, 5 grms. of 
spolyprene tetrabromide were heated with a solution of 50 grms. of phenol 
in 50 grms. of benzene, this solution boiling at 82° C. The reaction pro- 
ceeded exactly as with phenol alone, but rather slower. The product, 
which was isolated by running the melt into a large volume of benzene as 
before described, gave, on analysis, the following figures :— 


0°2031 grm. substance, . : . 0°5240 grm. COs, 0°1201 grm. H,O. 
Calculated for ee oe : : ot C1048 SF 16"02, 
Found, . : : . ©, 70°40; H, 6°54. 


On prolonged boiling with aqueous caustic soda, or very rapidly on 
heating with alcoholic caustic soda, all these bodies split off phenol. On 
acidulating these solutions with acetic acid, the alcoholic solution being 
first diluted with much water, a flocculent brown precipitate is obtained, 
which is collected on a filter and washed neutral with water. After drying, 
it forms a light-brown, readily friable mass, which is easily soluble in dilute 

e aqueous caustic soda, alcohol, ether, acetone, acetic acid, acetic anhydride ; 
insoluble in benzene, chloroform, and carbon bisulphide. The analysis of 
this substance gave the following figures :— 


0°2000 grm. substance, . ; . 0°4481 grm. CO,, 0°1218 grm. HO. 
Calculated for Tens . ; ie MOG Leo EL Ua 08: 
Found, . : : SC POLL Lis HG eG. 


This body may again be subjected to the above named treatment with 
caustic soda, with the result that bodies with a still greater number of 
hydroxyl groups are formed. These bodies, like those before described, 
are precipitated from their solutions by means of acetic acid. Such a 
preparation, which, after drying, formed a dark-brown, somewhat gritty 
powder, the solubility of which in the solvents of this class of bodies is 
greatly diminished, gave the foliowing results on analysis :— 


0°1661 grm. substance, . : . 0°2501 grm. CO,, 0°1030 grm. H,0. 
Calculated for CoH Oe ° ° ° C, 40°00 5 Hy, 6°66. 
® Found, . : f oO; 41706 37H; 688, 


On repeating the above hydrolytic treatment, successively darker 
products are obtained in the form of more and more colloidal precipitates, 
in form and colour greatly resembling colloidal precipitates of ferric 
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hydroxide. The thorough washing of these precipitates is extremely tedious. 
After drying, they form very hard, almost black, resinous masses, I refrain 
from quoting analyses of these bodies, but may mention incidentally that, 
on drying, these colloidal products suffer very extensive dehydration. 

I am continuing the investigation of these curious bodies, which, I 
believe, will furnish excellent material for the prosecution of the enquiry 
into the nature and constitution of india rubber. The reaction to which 
we owe their formation is by no means confined to phenol. The cresols 
carvacrol, thymol, as well as the naphthols, react in quite an analogous 
manner. Resorcinol, under the conditions above stated, reacts most 
energetically, forming an eosin-coloured mass. Pyrocatechol and hydro- 
quinone react much more slowly, Of substituted phenols the action of the 


three chlorophenols and of the three nitrophenols was examined. The. 


first named yield chlorinated reaction products; the last named appear to 
complicate the reaction by oxidation. Thiophenol acts in an entirely 
different manner, by simply eliminating the bromine of the tetrabromide as 
hydrobromic acid. Phenol-ethers, such as anisol or phenetol, do not react 
at all. This is almost conclusive evidence that it is the hydroxyl hydrogen 
of the phenol which forms the point of attack in the reaction in question, 
and this fact is at the same time the reason why, in the above formule, 
the oxygen appears as ether oxygen, and not as hydroxyl oxygen. 

Todine.—Anriani! states that the action of iodine on the globules of the 
latex is more marked than that of bromine, but he does not appear to have 
investigated the nature of this action. On the other hand, however, 
GLADSTONE and Hippert found iodine to have little or no action upon 
india rubber dissolved in chloroform. 


My own observations on this subject tend to show that iodine does « 


indeed act upon india rubber dissolved in chloroform. A 3 per cent. 
solution was mixed with a large excess of iodine (3 mols. of I to 1 mol. of 
india rubber) dissolved in chloroform. After two days’ standing, the 
mixture had become gelatinous. It was thoroughly stirred and transferred 
into absolute alcohol. An insoluble precipitate formed, which was 
completely freed from iodine by washing with warm alcohol. In this 
manner a bright straw-coloured product was obtained in the form of a 
fine powder, which was found to be absolutely insoluble in all ordinary 
solvents, This preparation on analysis gave the following figures :— 

0°5470 grms. gave by Carrus’ method 0°7278 grms. AgI. 

0°2008 gims, gave 0°1689 grms. CO, and 0°0560 grms. H,O. 

Calculated for (C,)H,,I3),. 


Carbon, .- ; : 22°35 per cent. 23°21 

Hydrogen, : : BK, 3°09 

Iodine, . : fa 0B 73°69 
97°45 


The original sample of india rubber from which this preparation was 
1 Chem. News, 2, 278. 
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made contained 3:94 per cent. of oxygen, which is obviously responsible 
for the deficiency in the above analysis, Nevertheless, these figures agree 
fairly with the ratio C,,H,,I,. Of course an addition product of this 
formula is not possible, and we must therefore assume that this tri-iodide 
has been formed by a process analogous to that which leads to the 
formation of the pentabromide, 

CyHiely = C1oHisl5 + HI. 

The difference of one atom of hydrogen is so small as to fall within 
the limits of the experimental error. The splitting off of hydroiodic acid 
in this manner is, however, perhaps not very probable, and the difficulty 
of explaining the composition of the above addition product might very 
likely be met by the fact that india rubber is not C,)H,, but (Cy Hy), 
*so that if m is an even number, the number of iodine atoms in our 
substitution product necessarily becomes even too. 

This iodide is a far less stable substance than the bromide. Its colour 
changes to a dull brown on prolonged exposure to light, but this change 
of colour does not seem to be accompanied by loss of iodine. At 80° C. 
the compound undergoes slow but complete decomposition. A dark-brown 
resinous body remains behind, most likely an oxidation product of india 
rubber. ‘The iodide was found to be insoluble in all solvents. 

Action of Acids. Hydrochloric Acid.—Although the destructive action 
of hydrochloric acid gas upon india rubber stoppers and tubing must have 
been observed by thousands of chemists, the cause of this action has 
never been investigated until quite recently by myself. 

The action of hydrochloric acid gas upon india rubber dissolved in 
chloroform differs materially according to whether moisture be present or 
not. In the latter case I have not been able to obtain any definite result. 
The evidence at hand appears to show that a product C,)H,,.HCl— 
polyprene hydrochloride—is formed, but I have never been able to obtain 
a product containing the requisite amount of chlorine.! Moreover, all 
preparations obtained under these conditions form very sticky masses 
which are very difficult to handle. Once precipitated they are very 
insoluble, and therefore practically impossible to purify. 

If the hydrochloric acid gas is passed in the undried state into the 
india rubber solution at ordinary temperature, the result is different. The 
absorption proceeds at first fairly rapidly, but gradually becomes slower, 
and it is therefore necessary to allow the gas to pass through the solution 
for a whole day. At the end of this time the solution has perceptibly 
darkened in colour, but appears otherwise unchanged. On pouring this 
solution slowly into absolute alcohol, it is precipitated as a mass of whitish 
clot® which are still sensibly elastic to the touch. On standing for a 
short time under alcohol, these clots become hard and brittle, often 


1 The products obtained under various conditions of temperature were found to 
contain from 11 to 18 per cent. of Cl. The body ©, )H,,Cl would contain 20°22 per 
cent. of Cl. 
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breaking up spontaneously into a mass of small irregularly-shaped 
fragments, This product is washed free from acid with warm alcohol, 
and dried in a desiccator. It forms a perfectly white, easily friable 
substance, which is readily soluble in chloroform, but insoluble in alcohol, 
ether, acetone, benzene, and carbon bisulphide. On gently warming it 
with organic bases such as aniline, pyridine, or piperidine, it dissolves 
gradually, but this solution appears to be accompanied by loss of hydro- 
chloric acid. The analysis of this compound led to the following 
figures :— 


0°3837 grms. gave by CArtus’ method 0°5223 grms. Ag(Cl. 
0'2188 grms. gave 0°4588 grms. CO, and 0°1615 grms. H,0. 


Calculated for C,)H,,Cl,. 


co BP : : : 57°12 per cent. 57°41 per cent. 
Beare Bla he 8°62, 
Ol iasiets : p ao'6F, 55 33°97 


>? 


These figures agree well with those of a polyprene dihydrochloride, 
The india rubber from which the specimen analysed was prepared con- 
tained 2°10 per cent. of oxygen. This hydrochloride is rather difficult 
to prepare, as it gives off part of its hydrochloric acid very readily, so 
that in many preparations the percentage of chlorine fell as low as 31 
per cent. On the other hand, it is worth mentioning that as soon as the 
decomposition of the dihydrochloride has reached a point that the amount 
of residual chlorine is about 18 per cent., even a very considerable increase 
of temperature will cause only a very insignificant further reduction in 
the percentage of chlorine. Seeing that 18 per cent. of Cl comes very 
near the amount of chlorine required for polyprene monohydrochloride, 
we may perhaps infer that this forms the chief product of the decomposition’ 
of the dihydrochloride at temperatures not exceeding 100° C., and that, 
compared with the latter, it is a rather stable body. 

Hydrobromic Acid.—The action of hydrobromic acid upon india rubber 
is much the same as that of hydrochloric acid, although rather slower. 
It has been found impossible to prepare a hydrobromide corresponding to 
the above described dihydrochloride. On passing hydrobromic acid gas 
into a solution of india rubber in chloroform, and subsequently running 
this solution into alcohol, a product is obtained which in appearance greatly 
resembles the dihydrochloride, but already on washing with alcohol it 
begins to lose hydrobromic acid. I have never succeeded in preparing a 
compound with more than 21 per cent. of bromine, and the appearance 
of all preparations I obtained clearly indicated their heterogeneous 
nature. 

Hydriodic Acid.—This acid seems to have no action upon india rubber, 
or, if formation of a hydro-iodide does take place, this compound Tmust 
be extremely unstable. According to BrrTHEtot,! treatment of india rubber 
with hydriodic acid at 280° C. results in the formation of viscous hydro- 


1 Bull. Soc. chim., 11, p. 38. 
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carbons of the paraffin series, boiling without decomposition above 350° C. 
This statement requires confirmation. 

Sulphuric Acid.—The concentrated acid acts very energetically upon 
india rubber, charring and oxidising it. Nothing definite is, however, 
known respecting the ultimate products of this destructive action. The 
action of dilute sulphuric acid has never been investigated. 

Nitric Acid.—Strong nitric acid attacks india rubber very vigorously, 
forming at first a yellow body which is subsequently decomposed into 
nitrogen, carbonic acid, oxalic acid, and a substance of the character of a 
fat. On prolonged boiling, this latter body is dissolved and converted 
into camphresic acid, which was shown by KacuriEr? to be a mixture of 
camphoric and camphoronic acid. 

Nitrous Acid.—In treating a dilute solution of india rubber with 
nitrous acid, produced by very slowly running concentrated sulphuric acid 
into a 20 per cent. solution of sodium nitrite, an amorphous yellow body is 
formed, insoluble, or very little soluble, in most of the commonly employed 
solvents, but fairly soluble in dimethyl oxalate. The composition of this 
body, as obtained in different preparations, varies very greatly, but by 
passing the nitrous acid gas, prepared as described above, through a series 
of drying tubes charged with phosphoric anhydride, and by using absolutely 
dry india rubber dissolved in benzene, which has been freshly distilled _ 
over metallic sodium, a product is obtained showing the following 
composition :— 

C555, H7-0, N 19-1. 
Calculated for C;)H,,N.0,:C 56°6, H 7°5, N 13:2. 


The product of the reaction is evidently polyprene nitrosite. The 


*full investigation of this highly interesting body is not yet concluded. 


Nitrogen Dioxide.—In treating a solution of one part of india rubber 
in a hundred parts of absolutely dry benzene with nitrogen dioxide, a 
considerable rise of temperature takes place, and the whole of the india 
rubber present separates out in the form of a coherent amorphous mass. 
The nitrogen dioxide is most conveniently produced by heating well dried 
lead nitrate in a retort. The gas evolved must be dried by passing it 
through a series of tubes containing phosphoric anhydride. 

The above described operation being completed, the benzene, which 
will be found to contain mere traces only of solid matter, is poured off the 
product of the reaction. The latter forms a very friable mass, which, 
after washing with alcohol, is obtained as a dark-yellow powder. This 
product is, however, not yet pure. It dissolves in acetone with the 
greatest ease, forming a deep sherry-coloured solution containing in 
suspension a small quantity of an insoluble substance. This is filtered off, 
and the perfectly clear solution run into water. The very fine precipitate 
thus obtained is collected on a filter, washed with water, pressed, and dried, 


1 ScHWANERT, Ann., 128, p. 123. 2 Ann., 191, p. 143. 
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when it is obtained as a straw-coloured impalpable powder, which, on 
analysis, gave the following figures :— 


C525, H71, N 12°. 
Calculated for Co HigN 20,4 4 C 52°6, H TO; N i Ay fi 


Whether this body represents a dinitro-polyprene C,,H,,(NO,)s, or & 
nitroso-nitrate (nitrosate) similar in constitution to WaLLacH’s! amylene-_ 
nitrosate, 

No 
C;H 
ia 0,310, 


further investigation will have to show. 

The product purified as above described is insoluble, or only very 
slightly soluble, in ethyl alcohol, methyl alcohol, ether, chloroform, and 
carbon bisulphide. It dissolves almost instantly in acetone, and is also fairly 
soluble in ethyl acetate, ethyl formate, dimethyl oxalate, epichlorhydrine, 
and nitrobenzene. Ammonia dissolves it very readily even in the cold, but 
it is almost insoluble in either aqueous or alcoholic soda. 

This product, as already mentioned, is insoluble in methyl] alcohol, but, 
on adding to the latter a few drops of very concentrated caustic soda, or, 
better still, a small quantity of sodium methylate, solution takes place 
instantly. Curiously enough, ethyl alcohol cannot be used in this reaction 
instead of methyl alcohol. The action of the alkali upon the polyprene 
derivative appears to be the same in both cases, but the product of the 
reaction is soluble only in methyl alcohol, and not in ethyl alcohol. Indeed, 
on adding to its solution in methyl alcohol an equal volume of ethyl 
alcohol, a flocculent precipitate is at once formed. The investigation of these 
bodies is still proceeding. 

Nitrosyl Chloride.—On treating a solution of 13-6 grms. of polyprene in 
300 c.c. of benzene with 12 grms. of amyl nitrite and 8 grms. of acetyl 
chloride, a reaction takes place, resulting in the formation of a very stiff jelly. 
After about 20 minutes’ standing gas bubbles appear in the jelly, which 
rapidly grow in size and number. In the course of a few hours the jelly is 
reconverted into a solution distinctly thinner than the original rubber 
solution. On precipitating this solution, a clot of a substance is obtained, 
which, after purification, by again dissolving and precipitating it, was found 
to be apparently unaltered polyprene containing traces only of chlorine and 
nitrogen. A polyprene nitrosyl chloride could in no way be obtained. 

Oxygen. —The action of oxidising agents, such as chromic acid, potassium 
permanganate, persulphates, and percarbonates, upon india rubber has © 
never been systematically investigated. Ethereal solutions of hydrogen 
peroxide are stated to convert india rubber into products soluble in alcohol, 
but I have never been able to confirm this result. . 

The liability of both crude and vulcanised india rubber to deteriorate 
under the influence of atmospheric oxygen has been known for some con- 


1 Ann. Chem., 241, 288 [1887]. 
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siderable time, and was investigated by SprniurR,! who isolated a product 
soluble in alcohol and chloroform, melting below 100°, and which possessed 
the following percentage composition :— 


C, : : ; 64°00 per cent. 
Hy : : ; 8°46 - AS 
O, . : : 27°54 


9 


. It is perhaps worth pointing out that this composition fairly closely 


corresponds with C,,H,.0,9. This may be accidental, but as this body still 
shows the ratio C,) : H,,, this formula, at any rate, appears to prove that this 
oxidation process is purely an addition process. 

SPILLER’S observations were made on a thin film of manufactured but 
unvulcanised india rubber. Articles of this description are, under normal 
conditions, only very slowly affected in this manner, owing to their non- 
porosity and smoothness of surface. Crude india rubber, particularly in 
the state of the highly porous and reticulated sheets in which it leaves the 
washing-machine for the drying-room, is apt to suffer considerably from 
oxidation during the drying process. 


The Vulcanisation of India Rubber. 


Historical Introduction.—From a technical point of view, the action 
of sulphur and of sulphur monochloride upon india rubber is of funda- 
mental importance. It may well be said that to the action of these two 
compounds the india rubber industry of to-day chiefly owes its existence 
and extent. 

1. Vulcanisation with Sulphur.—In 1832 Ltpersporr made the 
observation that sulphur removes the natural stickiness of india rubber, 
and at about the same time an American, Haywarp, employed flowers of 
sulphur to counteract this stickiness of india rubber sheets. It was, 
however, unquestionably NreLson Goopynar who, in 1889, first definitely 
established the fact that the treatment of india rubber with sulphur at 
high temperatures has the effect of maintaining the elastic properties 
constant within a comparatively very wide range of temperatures, and who 
subsequently also discovered the manufacture of ebonite, the final product 
of the action of sulphur upon india rubber. In England Hancock appears 
to have independently made the discovery of the vulcanising action of 
sulphur, but as, according to his own statement,” he had seen samples 
vulcanised by Goodyear, the priority of this invention clearly belongs to 


the latter. Hancocx’s narrative of his countless attempts to produce such 
® 


a product, and the manner in which he finally succeeded, is so fascinating, 
that an extract of it from his above quoted book, which is by no means 
readily obtainable, may be acceptable. 
hors time in the early part of the autumn of 1842, Mr. Brockedon 
1 Journ. prakt. Chem., 94, 502. 


2 Hancock, Personal Narrative of the Origin and Progress of the Caoutchouc or India 
Rubber Manufacture in England, London, 1857, p. 94. 
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showed me some small bits of rubber that he told me had been brought 
by a person from America, who represented himself as the agent of the 
inventor: it was said that they would not stiffen by cold, and were not 
much affected by solvents, heat, or oils. Mr. Brockedon told me that the 
mode of manufacturing this rubber was a secret, and that the agent who 
had shown them to him, declared himself totally ignorant of it; all he 
knew was, that it had been done by some new solvent which was very cheap‘ 
in America, and that he wished to find parties who would purchase the 
secret in this country, and asked Mr. Brockedon to give him any intro- 
duction he could to the trade. Mr. Brockedon gave him the names of 
Mackintosh & Co., and the representatives of the Caoutchouec Company 
(and I think at least one other), with whom the party also left specimens. 
Mackintosh & Co. told the agent that, as he could give no information, 
they could not judge of the merits of the invention, as it might be easy to 
make these small specimens, whilst difficulties might be found in its. 
application upon a large scale ; nor could they judge whether their present 
appliances, which had been very costly, would be suitable for this manu- 
facture, or whether any modification of their present plant would answer, 
or whether the modes were so altogether new as to require a fresh outlay. 
Under these circumstances, as they could not act in the dark, they 
recommended the taking out of a patent, when a clear comprehension of 
the whole could be obtained, and the invention openly dealt with according 
to its merits. This course was approved of, and the agent said he would 
immediately advise his principal to take out a patent. 

“Mr. Brockedon cut, from two of the small pieces which had been 
given him, two very diminutive bits, and gave them to me; one bit was. 
about one and a half or two inches long, and one inch and a quarter wide, 
and perhaps the twentieth of an inch thick. This bit, on the exterior, was 
of a dirty yellowish-grey colour, and a little dusty powder upon it; when 
cut across, the cut edge appeared of a dark colour. The other bit was of a 
dark reddish-brown colour throughout, with a clean surface without any 
dusty appearance. The first named had a slight smell of sulphur, and I 
thought that a little sulphurous powder had been rubbed on to mislead. 
On stretching them out thin, I observed they were both quite opaque. I 
found they were, as stated, not affected by cold. 

‘Finding now that this object had been somehow or other effected, and 
therefore demonstrated to be practicable, and as it was my particular 
department to keep up the quality of our manufactures, and to maintain 
our standing and the position our goods had attained, I set to work in 
earnest, resolved, if possible, not to be outdone by any. As I advanced, 
I spent all my spare time to attain the two objects I had in view. 

“T succeeded in producing beautiful drab- and tan-coloured surfaces, 
perfectly inadhesive, by combining silicate of magnesia, and compounds of 
this silicate, with fuller’s earth, whiting, ochre, and other earths, in all 
of which the silicate of magnesia formed the foundation and predominated, 
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For a dark: colour I employed asphalt, both the natural mineral kinds as 
well as that obtained by boiling down coal-tar to the state of asphalt, 
With this asphalt I also sometimes combined plumbago, and by these 
means produced an unadhesive black surface. Since that time, a taste for 
amore glossy article prevailing, varnishes have been added. In carrying 
out these improvements, no new machinery was needed, the rubber and 
*compounds being made, and the straining and spreading effected, by the 
means before mentioned. 

“During my progress with these experiments, I gave attention also to 
my other object, and having nearly brought the former to a close, I could 
give to the latter more special attention. The little bits given me by Mr. 
Brockedon certainly showed me for the first time that the desirable change 
ip the condition of rubber of not stiffening by cold had been attained, but 
they afforded no clue to the mode by which it had been brought about. 

** As the knowledge of this improvement in the qualities of rubber soon 
spread abroad, several persons began to make experiments in order to 
discover means to effect the same; but as there were very few who at that 
time had any considerable experience in the treatment of rubber beyond 
the ordinary applications for waterproofing purposes and the construction 
of pneumatic articles, they were not very likely to succeed in an attempt 
which required, besides an experimental knowledge of the subject, unwearied 
application and the closest observation of the effects of every new addition 
to the compounds, and of the proportions indicative of improved results— 
nor were high temperatures employed by such persons. Mr. A. Parkes, for 
instance, was not much acquainted with the rubber manufacture, and 
therefore, after he had seen my specification, and the change that had been 
effected by sulphur and heat, went immediately to work as a chemist, and 
tried the effect of the whole round of sulphurous combinations with the 
rubber, and for a time gave up the pursuit; but being urged to continue 
his experiments, he at length succeeded, by purely chemical means, in 
effecting a change in rubber very closely resembling vulcanisation. 

“Tt is a singular fact that although sulphur had long been compounded 
with rubber by myself in this country, and in America by others, yet that 
its true value for producing such a result had never been even dreamt of 
by any of us. I made no analysis of these little bits, nor did I procure, 
either directly or indirectly, any analysis of them. In making my experi- 
ments, I depended entirely and solely on my own exertions, having some 
confidence in an experience of upwards of twenty years of unceasing appli- 

“cation to the manipulation with my own hands of the substance I was 
dealing with; and it having been shown that rubber could be so made as 
not to stiffen by cold, I devoted myself to the discovery, if possible, of some 
modé by which this property could be imparted; and I considered the 
small specimens given to me simply as a proof that it was practicable. It 
had been my constant practice tc make my experiments alone in my 
private laboratory at Stoke Newington, into which, on these occasions, no 


x 


44 INDIA RUBBER AND ITS ANALYSIS. 


person entered but myself. I consequently lighted my own fires, and did 
all the labour myself; and having constantly to attend to the general 
business in London, and to answer innumerable enquiries, both verbally 
and by letter, besides attending consultations with parties taking out 
patents, or others requiring information in the*application of our materials 
to their different purposes, I was obliged in a great measure to pursue my 
experiments after the hours of business, and was frequently employed till 
midnight in these labours. I think it necessary to mention this, because 
it has been alleged that nothing could have been less difficult than such 
a discovery, and that anyone acquainted with the substance might have 
accomplished it with great ease. After a discovery is once made, it is 
generally said to be easy of attainment ; anybody might have done it, the 
thing was so simple. According to Milton, an idea of this kind occurred 
to some as far back as the council in Pandemonium :— 

‘The invention all admired ; and each how he 

To be th’ inventor missed, so easy it seem’d, 


Once found, which yet unfound most would have thought 
Impossible,’ 


“But to resume, I knew nothing more of the composition of the 
small specimens given me by Mr. Brockedon than what I or any other 
person might know by sight and smell. In such a pursuit I was obliged 
to grope a good deal in the dark ; for although my former experience, such 
as heat, masticating, rolling, and the use of solvents, served as landmarks, 
still my experiments could only be made pretty much at random, not at 
all knowing what the result of any of them might be. J remember that 
I had from the first a strong impression that the rubber underwent the 
change either when in a state of solution or when greatly softened by 
heat, and these two points I kept pretty much in view. I compounded 
with the rubber in one or other of these conditions an almost endless 
round of matters of all kinds. 

“I treated these with the rubber separately and in innumerable 
combinations. In some of them I included sulphur, and employed heat in 
almost every case without regarding what degree of heat I used. I have, 
in an early part of my narrative, stated how useful I found it to employ 
high temperatures, and attribute my final success in my present pursuit to 
the habit I had acquired in its use, particularly when I thought it necessary 
to reduce the rubber to the softest or most plastic state without solvents. 
When making the compounds with solvents, I first dissolved the rubber, 
either making the solution of a thin consistence, or of the consistence of 
dough, and then mixed or worked up the other matters with it. When I 
wished to expedite their drying, I sometimes laid them on a small metal 
plate heated over a chamber lamp, or larger plates heated by the firé, and 
at other times I submitted them to the heat of an oven. As before 
mentioned, I frequently employed sulphur in the compounds, but they 
were not at all improved by it, not having yet by any chance used heat 
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sufficiently high when drying them to produce the change ; or, if the heat 
was sufficient, which it most likely sometimes was, the compound became 
dry in too short a period to affect it (as I removed the pieces as soon as 
they were dry) in any way to attract my observation, having nothing to 
guide me in the object in view. I therefore for a time relinquished the 
use of sulphur in most of the compounds as useless, and pushed on with 
Sther matters, still feeling a conviction, as I think most would naturally 
have done, that the rubber must necessarily undergo the change in its 
constitution whilst either very soft and plastic or in a state of solution. 
However, after trying an endless round of mixtures in this way, with and 
without heat, I still failed of success. 

“Whilst looking over some of my former experimental scraps, I saw 
ir some of those containing sulphur, variations I could not at the time 
account for: some portions were different to others in the same specimen, 
which for the present I could not comprehend, although I well knew 
afterwards. I resolved now to take another course ; I dissolved sulphur 
in oil of turpentine, and finding the solution proceed slowly, I raised 
the temperature of the turpentine to the boiling point (316°), and then 
it took up the sulphur freely. Rubber dissolved in this solution was good 
in some respects, but produced a weak material, and did not come up to 
my wishes. | 

“T spent all my spare time for months with these experiments; my 
habit was to despatch them quickly, making them very small in bulk, 
throwing aside some thousands of trial scraps, and selecting and keeping 
for inspection any that appeared promising. During the winter months 


_I generally found the weather cold enough to test my scraps, but as the 


spring and summer came on, I employed ice, purchased from an ice-cart 
which passed my gate every morning, and many an earnest and careful 
examination have I made in a morning of the scraps in the ice. 

“My experiments now had become very interesting; I had certainly 
produced in some of my scraps, or portions of some of them, that condition 
of rubber which I afterwards called the ‘change.’ 

**T cannot, of course, now say in which scrap or at what particular 
moment I struck out the first spark of the ‘change,’ because I had a great 
number of scraps under my hand at one time, and I also found that when 
exposed even to ice, the stiffening effect of cold was not always immediately 
apparent; and I was thus, during my comparative ignorance of the nature 
of my discovery, frequently misled and disappointed from two causes: first, 
what it was in the successful compounds that produced the effect ; and 
secondly, I was ignorant of the importance of the degrees of temperature 


employed, as well as of the like importance of the period to which any 


specific compound required to be submitted to heat. 

‘These points could be ascertained with exactness only by time and 
vigilant watching, and this I began immediately to set about; and as the 
law allows a patentee six months to work out his discoveries before he is 
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called upon to enrol his specification, I applied for and obtained a patent 
for my inventions, which passed the great seal on the 21st November 1843. 

‘“‘T found that, when submitting the compounds containing sulphur to 
heat, it was necessary, after ascertaining the temperature that suited any 
compound, to find also the period of exposure to the heat that produced the 
best result. Until I noticed the necessity for this particularity, I was often 
sadly perplexed, as the same compounds exposed to the same temperature 
were sometimes good and sometimes bad in practice : the variation is from 
one to six or seven hours, or more. All the way through these experiments 
for producing the ‘change,’ I had no other guide, of course, than to watch 
for any promising appearance in any of the scraps, and to improve upon 
them; but I now know I was frequently thwarted by my want of informa- 
tion as to what cause the different appearances were due, and particularly 
in regard to the temperature I employed, which was somewhat at random, 
knowing how freely I could use it within certain limits without injury. 

“A thought now occurred to me that in the end proved extremely 
valuable. Revolving in my mind some of the effects produced by the high 
degrees of heat I had employed in making solutions of sulphur and rubber, 
as before stated, in oil of turpentine, it occurred to me that as the melting 
point of sulphur was only about 240°, which I knew would not be injurious 
to the rubber, it would be well to see what would ensue on immersing a. 
slip of sheet rubber in sulphur at the lowest melting point. I accordingly 
melted some sulphur in an iron vessel and immersed in it some slips of cut 
sheet rubber about half an inch wide and about one-sixteenth of an inch 
thick. After they had remained some time I examined them, and found the 
surface had assumed a yellowish-tan colour. I immersed them again; and 
on withdrawing them the second time, I cut one of them across with a wet 
knife, and found that the rubber was tinged of this tan colour to a con- — 
siderable depth. I immersed them again; and on the third examination I 
found the tan colour had quite penetrated through the slip. This was 
strong evidence that the rubber had freely absorbed the sulphur, and I 
fully expected to find that these slips were now ‘changed,’ but in this I - 
was greatly disappointed, for, on applying the tests, I found that not the 
least ‘changing’ effect had been produced. I now replaced them and 
raised the temperature of the sulphur, and allowed them to remain a con- 
siderable time; and on withdrawing one of them the fourth time, I found 
to my great satisfaction th=s it was perfectly ‘changed,’ retaining the 
same tan colour throughout’ The other slips remained in the sulphur whilst 
this examination was going on, and on withdrawing them, I found the lower 
and nearest the fire turr.ing black and becoming hard and. horny, thus at 
once and indubitably cpening to me the true source and process of pro- ; 
ducing the ‘change’ ir all its pure and pristine simplicity.” i 

The action of sulphur upon india rubber depends upon a great number 
of factors, the most important of which is heat. Whether the action be 
induced by immersirg the india rubber into molten sulphur, or by ex- 
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posing mixtures of india rubber and sulphur to temperatures above the 
melting point of sulphur (114° C.), no marked action takes place until the 
temperature has passed 120° C. Even then, what reaction does take 
place proceeds with extreme slowness. For practical purposes the tempera- 
ture employed ranges from 125 to 360° ©. 

The amount of sulphur employed in practice varies very greatly, from 4 

*up to 50 per cent.; but the amount of sulphur fixed by the india rubber very 
rarely exceeds 3 per cent., and is generally less. It is therefore obvious that 
free sulphur in various proportions always forms a constituent of ordinary 
vulcanised india rubber goods, 

The vulcanisation process is considerably accelerated, and in several 
respects distinctly facilitated, by the presence of sulphur carriers. In this 
respect antimony pentasulphide, arsenic pentasulphide, arsenic trisulphide 
(orpiment), and arsenic disulphide (realgar) prove most effective, and, in a 
lesser degree, lead thiosulphate, lead sulphide, zine sulphide, lead oxide 
(litharge), and lead carbonate (white lead). 

It is, however, not only by means of free sulphur that the vulcanisation 
of india rubber can be effected. Girarp showed that this can also be done 
by heating the india rubber with solutions of the alkaline polysulphides. 
Indeed, this process renders it possible to effect vulcanisation at temperatures 
very little above the boiling point of water. 

The nature of the vulcanisation process is still very little understood, 
most of the writers expressing themselves very guardedly upon this point, 
and attributing vulcanisation to ‘absorption’ of sulphur. BurcHarpt? 
suggests that vulcanisation consists ‘‘in the alteration of the caoutchouc 
resin through the production in it of a ‘sulpho-compound,’ a certain amount 
#f hydrogen in the caoutchouc being replaced by sulphur.” BurcHarpt 
evidently overlooks the fact that this assumption would imply the formation 
of 34 parts of hydrogen sulphide for every 32 parts of sulphur combining 
with the india rubber. If this view was correct, the amount of hydrogen 
sulphide produced by an india rubber factory vulcanising only 5 cwt. of 
india rubber per day would amount to considerably over 100 cubic feet per 
day. There would be, to say the least of it, strong evidence of the evolu- 
tion of such a volume of this obnoxious gas in the vulcanising rooms, which, 
under normal conditions and circumstances, is never the case. Numerous 
experiments I conducted to detect the evolution of this gas in the vulcanis- 
ing process under laboratory conditions failed to disclose the formation of 
even traces of hydrogen sulphide. 

Very likely Bureuarpt’s view was founded upon a statement by PayEN 
on this point, which is to the following effect :—‘ With the beginning of 
this reaction, and during the whole of the time it is in progress—that is, at 
a temperature of from 135 to 145° C.—combination of the sulphur with a 
small quantity of the hydrogen of the organic substance is going on, result- 
ing in the continuous formation of hydrogen sulphide, of which sulphur can 

1 Thorpe’s Dict. of Appl. Chem., vol. ii. p, 312. 
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absorb nearly its own volume. A curious phenomenon results from this 
fact if the vulcanisation is carried out in a bath of melted sulphur: as 
soon as, on completion of the operation, the temperature of the bath is 
allowed to fall, the crystallising sulphur liberates the hydrogen sulphide, and 
the evolving gas causes the semi-fluid mass of sulphur to rise.” 

This statement is not very conclusive concerning the point in question, 
and assuming that PayEn employed in his experiments india rubber which © 
had not first been freed from all resinous and oily matters, the evolution of 
hydrogen sulphide in small quantities would thereby be explained. How- 
ever, PAyEn’s experiments led him to consider the vulcanising process as a 
substitution of sulphur for hydrogen. 

HerInzERLING expresses himself as follows on the vulcanising question ;— 
“Tt is not known with certainty whether the chemical union of sulphuy 
with india rubber is an addition or a substitution process. That chemical 
combination does take place seems to follow with necessity from the fact 
that, whereas before vulcanisation both india rubber and sulphur are soluble 
in carbon bisulphide, they are rendered completely insoluble by this 
process.” 

Donatuy’s views upon this subject are interesting. He seems to consider 
the vulcanising process, not as a purely chemical phenomenon expressible in 
definite terms of molecular interaction, but as a phenomenon of molecular 
aggregation in indefinite proportions, and in many respects comparable to 
metallic alloys. Against the assumption of definite compounds of sulphur 
and india rubber, he objects that vulcanisation can be carried out by means 
of metallic sulphides as readily as with free sulphur, which fact would 
necessitate the assumption that the sulphides of antimony, mercury, and lead 
give up their sulphur to the india rubber. G 

TH, SEELIGMANN ! assumes ‘“‘that the phenomenon which is understood 
by the name of vulcanisation is only the first of a series of successive 
transformations occurring at definite temperatures and in the presence of 
excess of sulphur in the hydrocarbons which constitute india rubber. 
The terminal stage of this transformation series is reached with ebonite, 
which, if we adopt the views of C. O. Weezer, would represent one or more 
double atoms of polyprene linked together by one or more atoms of 
sulphur, 

“To us vulcanisation appears simply as an operation by which, at the 
most opportune moment and at a certain stage, a chemical reaction is 
arrested, the completion of whick would lead to a vastly different product 
than the one it is desired to obtain.” - 

The only element of progyess in SEELIGMANN’S View, as it appears to me, 
is his somewhat timid adoption of the view of the nature of vulcanisation 
first stated by me some years ago.2 For a satisfactory theory of vulcanisa 
tion this is scarcely suffi¢1ent. 


1 Tu. SEELIGMANN, Jie Caoutchouc et la Gutta Percha, Paris, 1896, p. 178. 
2 Soc. Chem. Ind. 
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SEELIGMANN believes that an argument in favour of his views is 
furnished by an experiment by Payrn, which I quote in full :— 

‘Hither and carbon bisulphide, on prolonged standing with vulcanised 
india rubber, dissolve about 4 to 5 per cent., which can be isolated and 
separated from free sulphur by evaporation and re-solution in ether. The 
rubber obtained from the ethereal solution yields to absolute alcohol from 
1 to 1°5 per cent. of fatty matter. 

‘The india rubber thus extracted can be separated into two parts, 
one of which is very ductile and soluble in benzene, from which it can 
be obtained by evaporation, while the other part is tougher, less elastic, 
and insoluble. ‘These two parts are derived from the inner parts of the 
vulcanised rubber where the compound is less resistant and poorer in 
sulphur than the parts near the surface. 

“ After its vulcanisation there exist in the india rubber still two parts 
possessing different degrees of cohesion and solubility. This becomes 
noticeable on keeping a piece of vulcanised rubber tape immersed during 
two months in a mixture of carbon bisulphide and absolute alcohol 
(10:1). The solution thus obtained is evaporated to dryness, the free 
sulphur removed by treatment with caustic soda, and we obtain then the 
less aggregated part of the organic substance (our ‘adhesive’ hydrocarbon 
transformed by sulphuration) possessing little strength, yellowish in colour, 
and translucent. The insoluble part of the tape is found to have preserved 
its form, but to have turned brown and less transparent (our more 
sinewy ! hydrocarbon undiluted by the adhesive and soluble part). These 
constituents, omitting the fatty matter, were obtained in the following 
proportions :— 


e Insoluble, sinewy portion, . és . 65 per cent. 
Soluble, adhesive portion, . s * “ 25 ik 
Free sulphur, . ; : ; . ; Oty sie boo 


I have no reason to doubt that PayeEn effected a separation of vul- 
canised rubber into a soluble and an insoluble part in the above propor- 
tions, but I emphatically deny that this separation bears out in the least 
the important conclusions Payen based upon it. The extent to which 
the fact of the existence of an insoluble constituent in india rubber has 
inspired the imagination of our French colleagues is truly astonishing. 
But even more so is the uncritical manner in which the amount of this 
insoluble matter in india rubber has been exaggerated to about ten times 
its real value, assuming at the same time for this insoluble part identity 
*of elementary composition with that of the soluble part, and all this in 
the absence of any reliable analytical data of any sort. 

PayeEn’s above described experiment, and its entirely erronecus inter- 
pretation, prove nothing for or againt SrericmaNn’s before stated views 
regarding the nature of vulcanisation. They apvear to me merely as an 
attempt to demonstrate the persistence in the india rubber even after 


1 The original has ‘ nerveux.’ 
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vulcanisation of its ‘sinewy’ and of its insoluble, as well as of its 
adhesive and soluble, constituents. We have, however, seen! that the 
insoluble part of india rubber (Pard) forms a very insignificant portion 
only of the whole, and we have also disposed of the current assumption 
that the composition of this insoluble part is identical with that of the 
rest of the india rubber. 


I have attempted to repeat Paymy’s above described experiment in « 


order to make an exhaustive examination by analysis of the products of 
this separation. A specimen of Parad rubber vulcanised with 10 per cent. 
of sulphur at 135° C. during two hours was employed. This specimen 
contained after vulcanisation 3°98 per cent. of combined, and 5-96 per cent. of 
free, sulphur. It was cut into very fine threads, which were during three 
months kept submerged in Payen’s mixture of carbon bisulphide and 
alcohol (10 : 1). At the end of this time the threads, although much 
distended and swelled, showed not the slightest sign of disintegration 
such as PayEN observed, and after drying appeared practically unaltered. 
Assuming that the failure of this experiment might be due to the degree 
of vulcanisation of the sample being too high, another sample, vulcanised 
at 125° C. for two hours, was treated in exactly the same manner. This 
sample contained 19 per cent. of combined sulphur. The result, however, 
was exactly the same. In order to ascertain finally whether a desintegra- 
tion of the kind described by this author could be effected by the action 
of his special solvent, the last named of the above mentioned samples, 
together with the solvent in which it had been immersed, was for a whole 
week heated to boiling point on a reflux condenser. This experiment 
also failed to produce the effect upon the india rubber described by 
Payrn. The extracts obtained in every case consisted of the free sulpbur, 
contained in the sample, together with the resinous matter of the india 
rubber amounting to less than 3 per cent. of the mass of the sample 
operated upon. 

A still more recent attempt to explain the vulcanisation phenomena 
is due to J. Minprr.2 His fundamental views are expressed in the 
following three sentences :— 

1. “Vulcanisation is produced by sulphur in the state of a vapour. 
In this form it penetrates into the rubber molecule, thus vulcanising the 
india rubber.” 

2. “Already at ordinary temperatures sulphur possesses a sensible 
vapour tension, which explains the fact that thin sheets of india rubber 
containing sulphur undergo spontaneous vulcanisation at ordinary ‘ 
temperature when left to thy mselves for a long time.” 

3. “In order to accelerite vulcanisation, the tension of the sulphur 
vapours, and their densit'y, must be increased. This may be attained 
either by heating the sulphur and immersing the india rubber in it 
(sulphur bath), or by mixing the india rubber with sulphur and heating 

1 See page 8. 2 Gummi Zeitung [14], 1900, 247. 
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the mixture (dry heat cure, steam cure), or by dissolving in a suitable 
solvent chemically combined sulphur vapours, and allowing such solutions 
to act upon india rubber.” 

These statements suffer from a certain vagueness of diction and want 
of definition. This particularly refers to the first of them, and so, by 
implication, to the second likewise, although they are, in my opinion, 
unquestionably correct as far as they go. The third of these sentences 
I consider in every respect erroneous; indeed, it is in part quite 
unintelligible. It is an everyday experience that to accelerate the 
vulcanisation process we must increase the temperature. This will 
incidentally result in an increase of the vapour tension of the sulphur, 
but we possess no evidence whatever that this vapour tension itself is the 
determining factor of the rate of vulcanisation. Vapour tension is a 
purely static condition which is devoid of any influence upon chemical 
reactions, although, if a change of vapour tension involves a change of the 
molecular (chemical) state of the vapour, such an influence may become 
apparent, but is even then due entirely to the latter cause. So that, if we 
produce the latter change without changing the former, or even changing 
this in the opposite sense, the accelerating effect of the molecular change 
would nevertheless be there. . 

Entirely erroneous is MINDER’s view as to the necessity of increasing 
the density of the sulphur vapours in order to increase their vulcanising 
action, and still worse is his assumption that this increase of density can 
be achieved by raising the temperature of the sulphur vapours. 

Equally unfortunate is Mryper’s explanation of the curing action of 
chloride of sulphur as quoted above in the third of his statements, To 
egin with, his description of chloride of sulphur as ‘chemically combined 
sulphur vapours’ is rather peculiar, and he altogether omits to explain 
why ‘chemically combined sulphur vapours’ should combine with india 
rubber at all. Indeed, the evidence of the scores of liquid and gaseous 
sulphur compounds, to all of which his description of the chloride of 
sulphur would apply likewise, would tend to prove that ‘chemically 
combined sulphur vapours’ do not combine with india rubber. 


2. Vulcanisation with Chloride of Sulphur.—The process of vulcanising 
india rubber with chloride of sulphur—sulphur monochloride 8,Cl,—was 
discovered by Parxgs in 1846, and is now technically known as the ‘cold 
cure,’ to distinguish it from the ‘dry heat cure’ or ‘steam cure,’ as the 
processes of vulcanising with sulphur~are variously called. It is carried 
out by treating the objects to be vulcanised with a from 1:5 to 3 per 
cent. solution of sulphur monochloride in carbon bisulphide. To a very 
limited extent, chiefly for the vulcanisation of certain kinds of double- 
faced sheets and waterproof cloth, a ‘vapour cure’ is also in use, in 
which the goods to be cured are hung in, or continuously carried through, 
a chamber which is either charged with the vapours of chloride of 
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sulphur, or in which chloride of sulphur is slowly evaporated at a definite 
rate. 

The action of sulphur monochloride upon india rubber is extremely 
energetic, so that for practical purposes a diluent must be employed. The 
diluent which is practically universally used is carbon bisulphide, but 
the extremely inflammable nature of this liquid, and its very serious 
action upon the health of the work-people, caused numerous attempts to 
be made to substitute a safer and less obnoxious solvent. As such, 
petroleum ether and benzene have generally been suggested. But al- 
though in a few isolated instances these, and especially benzene, may be 
used with satisfactory results, it cannot be denied that in the large 
majority of cases carbon bisulphide is vastly superior to all other solvents. 
The reason for this becomes at once evident if we compare the behaviour 
of the three above mentioned solvents. We then observe that there 
exists a very striking difference, not only in the degree, but also in the 
rate, of distension exhibited by strips of india rubber immersed in these 
three solvents. It is obvious that the more rapidly a solvent diffuses into 
and through india rubber, the more homogeneous will be the vulcanisation 
obtained. Now, the great drawback and technical limitation of the ‘cold 
cure’ process of vulcanisation lies in the fact that only very thin sheets 
of india rubber can be homogeneously vulcanised by means of this process, 
and this is due to the fact that vulcanisation to the degree required for 
practical purposes takes place within a few seconds. Longer immersion 
would produce fatal overvulcanisation, and consequently the sheets or 
articles must be withdrawn as soon as their outer surface is fully vul- 
canised. It is obvious, then, that vulcanisation can only be effected to 


the extent that the solution was capable of penetrating to during the time 


required for the full vulcanisation of the surface, and this, in thicknesses 
of india rubber within this range of penetration, must necessarily imply 
that the employment of the most rapidly diffusing solvent must produce 
the most homogeneous vulcanisation. It is, no doubt, the very high rate 
of diffusion of carbon bisulphide into india rubber which confers its 
superiority over all other solvents which have been tried for the purpose. 
At one time a process known as ‘vapour cure’ was fairly extensively 
employed, especially for the curing of waterproof cloth. In this process 
the articles to be vulcanised were hung in special chambers and there 
subjected to the action of the vapours of sulphur monochloride. This 


process suffers in a much more prenounced manner from the drawbacks 


we have already observed in the rrevious process. 

As far as the volume of tne literature dealing with this subject is 
concerned, it may be said thet the vulcanisirg action of chloride of sulphur 
upon india rubber has beer, much less enquired into than the corresponding 
action of sulphur alone. Indeed, what statements we can find respecting 
the nature of the ‘cold cure’-process are, in the majority of cases, not 
more than guesses, often made without any experimental reference, and 
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even without any proper consideration of the chemical nature of india 
rubber. 

Thus we are told by earlier writers upon this subject that the vulcan- 
ising action of chloride of sulphur is due to its chlorine exclusively, one 
author going so far as to assert that chloride of sulphur was merely chlorine 

e im a diluted form. The chemical reaction involved in the action of 
chloride of sulphur upon india rubber is by a sort of common consent 
assumed to be one of substitution. 

Fawsirt ! expressed the opinion that the action of the chloride of sulphur 
consisted in the substitution of sulphur for hydrogen, the latter escaping 
either in the gaseous state, or forming hydrochloric acid with the chlorine 
of the sulphur monochloride. Burauarpt’s? explanation is much on the 
‘same lines. THomMson expresses the opinion that the vulcanising action 
of sulphur monochloride is due to the chlorine, and not to the sulphur, of 
this compound. TrErRy ® favours a very similar opinion, as will be observed 
from the following statement :— 

“With regard to the action of this body (chloride of sulphur), I think 
there can be no doubt that it is due to the chlorine, and that although 
some sulphur must necessarily be ‘absorbed’ at the same time by the 
rubber, yet that this latter does not play any part in the reaction. Sulphur 
in the cold has no effect on rubber, and chloride of sulphur must be looked 
upon as merely chlorine in a diluted form. The action of chlorine in 
whatever form applied may be measured by the amount of hydrochloric 
acid produced.” 

Two further views have recently been presented on this subject by 
,Houn,* and subsequently by Minper.® ‘The former states that for the 
vulcanisation with sulphur monochloride, a softening of the india rubber, 
analogous to the softening produced by heat in the ‘dry cure’ process, is 
essential. This softening, according to him, is produced by the solvents 
employed for the sulphur monochloride. After this introduction he 
advances as his main proposition that the ‘cold cure’ process consists 
merely in an ‘absorption’ of sulphur by the india rubber, unaccompanied 
by any chemical reaction. The proofs he adduces in support of these 
startling statements are confused. The whole of his reasoning is, indeed, 
devoid of any trace of experimental evidence. 


MrnpEr’s views may be summarised as follows :— 


* 1. Chloride of sulphur is the condensed or concentrated vapour of 
chloride of sulphur, which, by virtue of its very high density, has an 
action upon india rubber so violent as to be destructive. This action 
can »e moderated by diluting the chloride of sulphur with a solvent, so 
that the solution represents really a concentration of the sulphur vapours 


1 Journ. Soc. Chem. Ind., 1886, p. 638. 


2 Thorpe’s Dict. of Appl. Chem., vol. ii. p. 312. 
3 Industries, 9393. 4 Gummi Zeitung [14], 17, 33. 6 Thid. [14], 247. 
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equal to that of sulphur vapour at the temperature of the sulphur 
bath. 


2. The chlorine in the cold cure process assumes the function of the 
heat in the sulphur bath process by maintaining the sulphur vapours in 
the condition in which alone they are capable of vulcanising the india 


rubber. ~ 


These statements add in no way to our knowledge of, and our insight 
into, the nature of the cold cure process, as they draw only an extremely 
precarious parallel between the ‘cold’ and the ‘hot’ process of vulcanisa- 
tion. The suggestion that chlorine in combination with sulphur can 
assume the function of heat acting upon sulphur may or may not have 
a substratum of truth in it., If so, it is put in a most unfortunate way, 
reminding one rather of seventeenth century methods of reasoning from 
analogy than of modern methods of scientific argument. 

Nor does Minpzr’s presentment of the case give the least idea why in 
the cold cure process it should not be possible to substitute any other 
sulphur compound known, all of which he will be equally justified in 
considering as ‘condensed or concentrated sulphur vapours.’ 

The fact is, Minper has missed the most important point in his 
enquiry: the elucidation of the fact, if such it be, that only sulphur 
vapour is capable of effecting vulcanisation. He was satisfied to accept the 
first property of sulphur vapour which he found to vary directly as the 
temperature as a sufficient basis for a theory of vulcanisation, altogether 
overlooking the fact that vapour tensions are equally affected by pressure 
as by temperature. The density of a vapour being its most easily variable 
constant, he at once falls back upon this to explain the, as a matter of fact, 
unquestionable increase in the rate of vulcanisation observable with a rise 
of temperature. But here he is led hopelessly astray by his assumption 
that the density of sulphur vapour increases with temperature, a statement 
utterly at variance with facts. To do him justice, in a subsequent, largely 
explanatory communication! he attempts to justify that assumption by 
pointing out that vulcanisation is always conducted under pressure, and 
that pressure certainly increases the density of gases. But in his first 
paper he distinctly states that india rubber cannot be cured in a sulphur 
bath at from 115 to 120° C., because at these temperatures the density of 
the sulphur vapours is too low, and must be increased by raising the 
temperature. Of course no information is vouchsafed as to how the. 
density of the sulphur vapours of an open sulphur bath is increased by a 
rise of temperature. 

Minper’s hypothesis suffers, in my opinion, from the radical defect 
that he attempts to base it upon the phenomenon of vapour density, a 
purely physical phenomenon which in no way but from the point of mass 
in unit volume exerts a determining influence upon the reactivity of a 

1 Gummi Zeitung, 14, 441. 
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chemical system. He leaves altogether out of consideration the molecular 
state of the sulphur vapour and its molecular changes due to a rise ot 
temperature. 


3. Vuleanisation with Hypochlorites.—This process was at one time 
much more commonly used than at present, although it still forms a very 
useful adjunct to the before described processes for the production of 
special effects. It is, moreover, very probable that its apparent disuse 
lies in the secrecy with which especially the less commonly practised 
processes are still surrounded in rubber factories. In England and 
America the process is alluded to as ‘acidising,’ but I have been unable 
to discover who originated it, or who is responsible for its barbarous 
name. 

The process consists briefly in the treatment of the india rubber with 
solutions of either calcium hypochlorite (bleaching powder) or sodium 
hypochlorite. But more frequently a solution of free hypochlorous acid 
is employed. ‘This solution is prepared by adding to a solution of bleaching 
powder sufficient 10 per cent. sulphuric acid to convert into calcium 
sulphate one half of the total calcium present. Using. more than this 
amount of acid would result in the liberation of hydrochloric acid, and 
thereby, according to the reaction 


HClO + HCl = HO + Ch, 


the hypochlorous acid would be destroyed. Instead of sulphuric acid, the 
employment of which involves filtration of the solution from the precipi- 
tated calcium sulphate, nitric acid is frequently used. I personally prefer 
boric acid, which I find to yield much the best solutions, perhaps owing to 
its inability to decompose the calcium chloride present in the solutions. 
It is, however, very probable that very good results can be obtained by 
decomposing the solutions of bleach lime with the sulphates of very weak 
bases, such as the sulphates of zinc, magnesium, or aluminium. 

From the fact that an aqueous solution is employed, it will readily be 
inferred that this vulcanisation process is strictly confined to the vulcan- 
isation of surfaces only, the solution being quite unable to penetrate into 
the india rubber. Its action is, therefore, even much more local than that 
of chloride of sulphur, and it is evident that, as an independent vulcanising 
process, this agent could only be employed for the vulcanisation of films of 
very extreme thinness. What recommends it greatly for this purpose is 
the fact that, by following the vulcanisation by a washing first with very 
dilute ammonia, and subsequently with clean water, articles are obtained, 
which, without coatings of farina or French chalk, are free from adhesiveness, 
and contain no residue of any kind of the vulcanising agent, any excess of 
hypochlorous acid being destroyed by the ammonia according to the 


following equation :— 
3HClO + 5NH, = 3NH,Cl + 3H,0 + N,. 
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The ammonium chloride is, of course, readily removed by the washing 
with water. 

The most frequent and most useful application of this vulcanisation 
process is, however, the vulcanisation of ‘surfacings’ or ‘enamels’ on 
ordinary rubber goods. 

The chemical aspect of this vulcanisation process calls for little com- 
ment. The action of hypochlorous acid upon polyprene has been described 
above (page 55), and we may therefore take it that vulcanisation by 
this agent consists’ simply in the formation of an addition product of 
the type of the chlorhydrines :— 


CH, : CH, + HClO = CH,(OH).CH,Cl. 


Whether a reaction of this type really represents a true vulcanisation 
appears to me somewhat uncertain. At the present moment it still appears 
to me that the true vulcanising effect consists, not only in the formation of 
an addition product, but also in a conjugation of india rubber molecules 
(see also page 92) in this manner :— 


x & 
C-+-S—i.6 
CREE Ye 


And if this assumption be correct, it would follow that only divalent elements 
such as sulphur, but not monovalent elements such as Cl, or radicals such « 
as HO, are capable of producing true vulcanisation. 

It is also noteworthy that, whereas a surface vulcanisation with the 
halogens (see below) generally imparts a more or less pronounced harsh 
feel to the surface, this is not the case with hypochlorous acid, and there 
is little doubt that the greater softness and suppleness in the latter instance 
is an effect due to the entrance of the hydroxyl group into the polyprene 
molecule. Indeed, in discussing the products formed by the interaction of 
solutions of polyprene and hypochlorous acid, I already called attention to 


the fact that they preserve to a surprising extent the flexibility and resil- 
iency of the original india rubber. 


4, Vulcanisation with the Haloids.—The vigorous action of chlorine 
and bromine upon india rubber could not fail to suggest their utilisation for 
vulcanising purposes. Hurrzie proposed, as far back as 1865, the employ- 
ment of chlorine for the manufacture of a kind of hard rubber. In 1869 
and in 1870 Bation, Newsrovuen, and Tagan patented various processes for 
vulcanising with bromine or iodine, or with mixtures of them, either alone 
or with sulphur. These attempts were bound to result in failure. The 
patentees attempted to vulcanise at a temperature of 120° C. mixtures of 
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india rubber with from 25 to 30 per cent. of iodine, or equivalent quantities 
of iodine bromide. ‘The cost of this process, as well as the peculiar chemi- 


cal properties of the halogen addition and substitution products of poly- 


prene, are sufficient to establish a@ priori its practical worthlessness, par- 
ticularly in the absence of proof of any description of a new and useful 
technical effect. 

* Weak solutions of bromine in carbon bisulphide ! give fairly satisfactory 
results in surface vulcanisation, but, as already stated above, the surfaces 
‘so vulcanised are characterised by a more or less harsh feel, and if the 
process be not carried out very carefully, especially as regards the strength 
of the solutions employed, the surfaces are apt to be non-elastic and 
brittle. 

» Altogether, it is evident that neither from the point of view of cost, 
ease of application, nor of technical effect, is there any inducement to 
employ the halogens as vulcanising agents, or even to experiment with 
them in this direction, 


The Colloidal State. 


The difficulty in the way of a rational explanation of the vulcanising 
‘process lies in this, that the vulcanisation effect calls for consideration even 
more from the physical aspect than from the chemical, and while these 
two aspects are obviously correlated, our almost complete ignorance of the 
nature of the colloidal state makes the elucidation of the nature of this 
-correlation a practical impossibility. For this reason, I think, it is reason- 
ably safe to assert that we cannot hope to arrive at a clear understanding 
-Gf the vulcanisation process until we are in possession of a satisfactory 
working theory as to the nature of the colloidal state. At present we are 
far from this, but a summary of our scanty knowledge of this difficult and 
important subject may be desirable before we turn our attention towards 
the chemical side of the vulcanisation problem. 

As is well known, the distinction between colloid and crystalloid sub- 
-stances is the outcome of GrRAHAmM’s researches on hydro-diffusion.2 ‘The 
monumental work which he has left us has not only, up to present time, 
scarcely been extended in any direction, but, as a matter of fact, it has 
almost dropped out of sight, and the brilliant appreciation in his master 
mind of the remarkable physical and chemical facts connected with the 
-golloidal state is, if not indeed forgotten, certainly realised by very few of 
present day workers. GraHam’s views on this matter deserve to be quoted 
here at some length. He says:—. 

“The colloids appear singularly inert in the capacity of acids and bases, 


1 Benzene cannot be used, owing to the action of bromine upon it. 

2 GraunAm, ‘‘ On the Diffusion of Liquids,” The Bakerian Lecture, Phil. Trans., 1850, 
1-46, 805-836"; 1851, 483-494. Especially ‘‘ Liquid Diffusion applied to Analysis,” 
Phil. Trans., 1861, 183-224. Jour. Chem. Soc., 1864. 


58 INDIA RUBBER AND ITS ANALYSIS. 


and in all the ordinary chemical relations. But, on the other hand, their 
peculiar physical aggregation with the chemical indifference referred to, 
appears to be required in substances that can intervene in the organic 
processes of life. The plastic elements of the body are found in this class. 
As gelatine appears to be its type, it is proposed to designate substances of 
the class as colloids, and to speak of their peculiar form of aggregation as 
the colloidal condition of matter. Opposed to the colloidal is the erystal- 
line condition. Substances affecting the latter form will be classed as 
crystalloids. The distinction is, no doubt, one of intimate molecular con- 
stitution. 

“ Although chemically inert in the ordinary sense, colloids possess a 
compensating activity of their own, arising out of their physical properties 
While the rigidity of the crystalline structure shuts out external im- 
pressions, the softness of the gelatinous colloid partakes of fluidity, and 
enables the colloid to become a medium for liquid diffusion, like water- 
itself. The same penetrability appears to take the form of cementation 
in such colloids as can exist at a high temperature. Hence a wide 
sensibility on the part of colloids to external agents. Another and 
eminently characteristic quality of colloids is their mutability. Their 
existence is a continued metastasis. A colloid may be compared in this 
respect to water while existing liquid at a temperature under its usual 
freezing point, or to a supersaturated saline solution. Fluid colloids 
appear to have always a pectous modification, and they often pass under 
the slightest influences from the first into the second condition. The 
solution of hydrated silicic acid, for instance, is easily obtained in a state 
of purity, but it cannot be preserved. It may remain fluid for days or 
weeks in a sealed tube, but is sure to gelatinise and become insoluble at 
last. Nor does the change of this colloid appear to stop at that point, 
for the mineral forms of silicic acid deposited from water, such as flint, 
are often found to have passed, during the geological ages of their existence,. 
from the vitreous or colloidal into the crystalline condition. The colloidal 
is, in fact, a dynamical state of matter; the crystalloidal being the statical 
condition, ‘The colloid possesses ENERGIA. It may be looked upon as the 
probable primary source of the force appearing in the phenomena of 
vitality. To the gradual manner in which colloidal changes take place 
(for they always demand time as an element), may the characteristic ~*© 
protraction of chemico-organic changes also be referred.” 

And further on :— 

*‘] may be allowed to advert again to the radical distinction assumed 
in this paper to exist between colloids .and crystalloids in their intimate < 
molecular constitution. Every physical and chemical property is charac- 
teristically modified in each class. They appear like different woritis of 
matter, and give occasion to a corresponding division of chemical science. 
The distinction between these kinds of matter is that subsisting between 
the material of a mineral and the material of an organised mass. 


oC 


“~ 
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“The colloidal character is not obliterated by liquefaction, and ig 
therefore more than a modification of the physical condition of solid, 
Some colloids are soluble in water, as gelatine and gum arabic; and some 
are insoluble, like gum tragacanth. Some colloids, again, form solid 
compounds with water, as gelatine and gum tragacanth ; while others, like 
tannin, do not. A certain parallelism is maintained between the two 
classes notwithstanding their differences. 

“The phenomena of the solution of a salt or crystalloid probably all 
appear in the solution of a colloid, but greatly reduced in degree. The 
process becomes slow ; time, indeed, appearing essential to all colloidal 
changes. The change of temperature usually occurring in the act of 
solution becomes barely perceptible. The liquid is always sensibly 
dummy or viscous when concentrated. The colloid, though often dissolved 
in a large proportion by its solvent, is held in solution by a singularly 
feeble force. Hence colloids are generally displaced and precipitated by 
the addition to their solution of any substance from the other class. Of 
all the properties of liquid colloids, their slow diffusion in water, and their 
arrest by colloidal septa, are the most serviceable in distinguishing them 
from crystalloids. Colloids have feeble chemical reactions, but they 
exhibit, at the same time, a very general sensibility to liquid reagents, as 
has already been explained. 

“ While soluble crystalloids are always highly sapid, soluble colloids 
are singularly insipid. It may be questioned whether a colloid, when 
tasted, ever reaches the sentient extremities of the nerves of the palate, 
as the latter are probably protected by a colloidal membrane, impermeable 
to soluble substances of the same physical constitution. 

“Tt has been observed that vegetable gum is not digested in the 
stomach. The coats of that organ dialyse the soluble food, absorbing 
crystalloids and rejecting all colloids. This action appears to be aided 
by the thick coating of mucus which lines the stomach. 

“The secretion of free hydrochloric acid during digestion—at times 
most abundant—appears to depend upon processes of which no distinct 
conception has been formed. But certain colloidal decompositions are 
equally inexplicable upon ordinary chemical views. To facilitate the 
separation of hydrochloric acid from the perchloride of iron, for instance, 
the salt is rendered basic by the addition of peroxide of iron. The com- 
paratively stable perchloride of iron is transformed by such treatment 
into a feebly constituted colloidal hydrochloride. The latter compound 
breaks up under the purely physical agency of diffusion, and divides on the 
dialyser into colloidal peroxide of iron and free hydrochloric acid. The 
supqrinduction of the colloidal condition may possibly form a stage in many 
analogous organic decompositions. : 

“ A tendency to spontaneous change, which is observed occasionally in 
crystalloids, appears to be general in the other class. The fluid colloid 
becomes pectous and insoluble by contact with certain other substances, 
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without combining with these substances, and often under the influence of 
time alone. The pectising substance appears to hasten merely an impend- 
ing change. Even while fluid, a colloid may alter sensibly, from colourless 
becoming opalescent; and while pectous, the degree of hydration may 
become reduced from internal change. The gradual progress of alteration 
in the colloid effect by the agency of time is an investigation yet to be. 
entered upon. 

“The equivalent of a colloid appears to be always high, although the 
ratio between the elements appears to be simple. Gummic acid, for 
instance, may be represented by ©,,H,,0,,, but judging from the small 
proportions of lime and potash which suffice to neutralise this acid, 
the true numbers of its formula must be several times greater. It is 
difficult to avoid associating the inertness of colloids with their high 
equivalents, particularly where the high number appears to be attained 
by the repetition of a smaller number. The enquiry suggests itself, 
whether the colloidal molecule may not be constituted by the grouping 
together of a number of smaller crystalloid molecules, and whether the 
basis of colloidality may not really be this composite character of the 
molecule. 

“With silicic acid which can exist in combination both as a crystalloid 
and colloid, we have two series of compounds—silicates and cosilicates, the 
acid of the latter appearing to have an equivalent much greater (thirty-six 
times greater in one salt) than the acid of the former. The apparently 
small proportion of acids in a variety of metallic salts, such as certain red 
salts of iron, is accounted for by the high colloidal equivalent of their 
bases. The effect of such an insoluble colloid as Prussian-blue in carrying 
down small proportions of the precipitating salts, may admit of a similar 
explanation. 

‘“‘Gelatine appears to hold an important place as a colloidal base. This 
base unites with colloidal acids, giving a class of stable compounds, of 
which tanno-gelatine only appears to be hitherto known. Gelatine is pre- 
cipitated entirely by a solution of meta-phosphoric acid added drop by 
drop, 100 parts of gelatine uniting with 3-6 parts of the acid. The com- 
pound formed is a semi-transparent, soft, elastic, and stringy solid mass, 
presenting a startling resemblance to animal fibrin. It will be an inter- 
esting enquiry, whether meta-phosphoric acid is a colloid, and enters into 
the compound described in that character, or is a crystalloid, as the small 
proportion and low equivalent would suggest. Gelatine is also precipitated - 
by carbolic acid. 

‘The hardness of the crystalloid, with its crystalline planes and angles, 
is replaced in the colloid by a degree of softness, with a more or less 
rounded outline. The water of crystallisation is represented by the water 
of gelatination. The water in gelatinous hydrates is aptly described by 
M. CHEVREUL as retained by ‘capillary affinity ’"—that is, by an attraction 
partaking both of the physical and chemical character. While it 
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is here admitted that chemical affinity of the lowest degree may shade 
into capillary attraction, it is believed that the character of gelatinous 
hydration is as truly chemical as that of crystalline hydration. Combina- 
tion of a colloid with water is feeble, it is true, but so is combination in 
general with the colloid. Notwithstanding this, anhydrous colloids can 
decompose certain crystalline hydrates. The alcohol of greater strength 
“than corresponds with the density 0°926, which represents the definite 
hydrate C,H,O+3H,0O, is certainly in a state of chemical union. But 
alcohol so high as 0:906, contained in a close vessel, is concentrated in a 
notable degree by contact with dry mucus, gelatine, and gum, and sensibly 
even by dry parchment paper. Dilute alcchol divided from the air of 
the atmosphere by a dry septum of mucus, gelatine, or gum, is also 
concentrated by evaporation, as in the well-known bladder experiment 
of. SOMmMERING. The selective power is here apparent of the colloid for 
water, that fluid being separated from alcohol, and travelling through 
the colloidal septum by combination with successive molecules of the 
latter, till the outer surface is reached and evaporation takes place. 
The penetration in this manner of a colloid by a foreign substance may 
be taken as an illustration of the phenomena of cementation. Iron 
and other substances which soften under heat may be supposed to 
assume at the same time a colloidal constitution. So it may be supposed 
does silica when fused into a glass by heat, and every other vitreous 
substance.” 

“Gelatinous hydrates always exhibit a certain tendency to aggregation, 
as is seen in the jelly of hydrated silicic acid and of alumina. With 
some the jelly is also adhesive, as in glue and mucus. But unless they : 
we soluble in water, gelatinous hydrates, when once formed, are not in 
general adhesive. Separate masses do not reunite when brought into 
contact. This want of adhesiveness is very remarkable in the case of 
the gelose of Payren, which resembles gelatine so closely in other respects. 
Layers of a gelose solution, allowed to cool and gelatinise in succession 
in a diffusion jar, do not adhere together.” 

I have quoted Granam’s singularly suggestive remarks at some 
length, as in the main they still represent the greater part of our 
knowledge of the colloids, and the original papers are not everywhere 
accessible. 

Nernst! considers that the fact of colloidal solutions also showing 
the phenomenon of diffusion, although in very slight degree, proves that 
‘there exists the same tendency in colloidal as in crystalloidal solutions 
for the dissolved substance to migrate from places of high to places of 
low concentration, but that the extreme slowness of this migration in 
the @ase of the colloids indicates a very small propulsive force, 7.¢., 
osmotic pressure—both of which conclusions would suggest that the 
colloids possess an extremely high molecular weight, but in their 

1 Nernst, Zheoretical Chemistry, chap. x. 
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fundamental physical constitution, in the state of solids, as also in 
solution, do not differ from the bodies described as crystalloids. 

Indeed, Prerrer} has shown that the osmotic pressures of solutions 
of the colloidal gum arabic vary exactly as the concentration, just as is 
the case with the solutions of the crystalloids :— 


pe a eee 


Concentration. Gum Arabic. Cane Sugar. M. 
1 per cent. 69 cm. Hg 51°8 cm. Hg 2570 

ah alba. OD terys BLN 88s, 4110 
14s, 7020 is (pik eae 3540 
18 119201) 5s OB2'4. foe5 2680 


The molecular weight M in the last column has been calculated in 
the well-known manner by multiplying the known molecular weight of 
cane sugar with the ratio of the respective osmotic pressures, which latter 
are expressed in centimetres of mercury. 

In the following table are recorded a few further observations of the 
molecular weights of colloids by the osmotic pressure method. These 
determinations are Prerrer’s, with the exception of the last two, which are 
due to LINEBARGER :— 


Substance. Membrane. Conc. Temp. Pressure. M. 
Dextrin Cupric ferrocyanide | 1 percent. | 16°C. |16°6cm. Hg | 1080 
Conglutin Calcium phosphate 2 > 16 si er 9500 
Glue Cupric ferrocyanide 6 es 23 °3 DOT Neses 4900 
Glue Parchment 6 Fs 23°S got 2h Bae 5200 + 
Tungstic acid Parchment paper 2°467 ,, 17 DDD mae. 1700 
Tungstic acid Parchment paper TOaeee Bes se 1720 


In perfect agreement with the above small values for the osmotic 
pressure is the fact that the boiling and freezing points of colloidal 
solutions differ only very little—indeed, in some cases scarcely perceptibly— 
from the respective boiling and freezing points of their solvents. For 
this reason the determinations of the molecular weights of the colloids 
by these methods? are far less reliable than the determinations made by 
the osmotic pressure method, where the observations are based upon a ~ 
phenomenon producing values of a much higher order of magnitude. : 
However, the molecular weights of a number of colloids were calculated 
from the observed depressions of the freezing points of their solutions, 


1 Osmotische Untersuchungen, Leipzig, 1877. 

2 It is practically the freezing point method only which is available Far® these 
determinations, as the coagulation throughout of some colloids at higher temperatures, 
and generally the formation of incrustation deposits or coagula on the sides of the 
boiling vessels, renders the boiling point method useless, 


® 
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SUBSTANCE, M. OBSERVER. 
Albumen, Cs § - 14000 Sabanejew and Alexandrow. 
Inuline, . : : , 2200 ; 
Starch, . . « about 25000 }2 rown and Morris, 
India rubber, . : : 6504 
Gum arabic, . : ; 1612 
Caramel, . ; . : 1745 [Gladstone and Hibbert. 

y Ferric hydroxide, . ; 5452 | 
Tungstic acid, . . : 800 
Glycogen, ; ‘ : 1625 | 
Silicic acid, . atleast 49000 [S#banejew. 
Tannic acid, . ; : 1100 


These figures, no doubt, are open to the objection that they involve 
more or less considerable experimental errors ; but even so, they still afford 


ample proof of the enormous magnitudes of colloidal molecules, and they 


further support the assumption that the difference between colloids and 
crystalloids is one of degree rather than of fundamental chemical constitu- 
tion or function. This view is unavoidable in face of the fact that we 
know colloidal elements—sulphur, mercury, cadmium, tin, antimony, silver, 
gold; we know colloidal sulphides, acids, bases, salts; organic substances 
with alcoholic, aldehydic, carboxylic, aminic functions ; carbohydrates and 
hydrocarbons, both saturated and unsaturated. Moreover, we have seen, 
in the case of india rubber, that we can subject it to considerable chemical 
changes, both functional and constitutional, without affecting the colloidal 
state. Particularly striking in this relation appears to me the fact that 
the colloidal state of a colloid generally even persists in the combination of 
a colloid with a crystalloid. 

That all colloids possess extremely high molecular weights has already been 
asmply demonstrated by GraHAm, and the same fact has been insisted upon 
by every one of the numerous authorities who have investigated the osmotic 
phenomena of crystalloids and colloids. The only exception in this respect 
is _Krarrt, and as his theory of colloidal solutions is the only systematic 


attempt to bring into a comprehensive system the facts in relation to the 


colloidal state, his papers on this subject must be more closely examined. 
Krarrt! repeated CHEVREUL’s experiments on the hydrolysis of the salts 
of the higher fatty acids (soaps) in aqueous solution. He shows that at 
lower temperatures the salts in these solutions behave as crystalloids, but 
that at certain higher temperatures these same solutions exhibit the 
characteristics of colloidal solutions. Thus dilute soap solutions possess a 
boiling point not exceeding that of water, and although occasionally a slight 
rise is observable, this is, no doubt, due to the solutions containing caustic 
soda, owing to the hydrolysis soaps undergo in aqueous solution. He next 
states that the alkali salts of acetic, propionic, and caproic acid are also 
hydrofysed in aqueous solutions, because their molecular weights, as 
estimated by either the cryoscopic or the boiling point method, are only 
one half of the recognised theoretical values. A similar series of salts 
1 Ber., xxvii. (1894), pp. 1747, 1755. 
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Krarrt believes he has found in the chlorides of the aliphatic amines, for 
he finds! that hexadecylamine hydrochloride C,,H33.NH,-HCl behaves in 
aqueous solution like a soap, in that the former boils without a temperature 
rise, whereas the solutions of the lower amines—e.g., methylamine—show a 
considerable temperature rise, leading, like the salts of the low fatty acids, 
to values for their molecular weights of only half their theoretical amounts. 
Consequently Krarrr comes to the conclusion that in aqueous solutior 
the salts of the fatty acids, and those of the amines, are all, like soap 
solutions, more or less completely hydrolysed. This hydrolysis would, of 
course, double the number of molecules in solution, and thus account for 
the molecular weight being found too low by one half. 

Krarrt does not appear to admit that the phenomenon in question is 
perfectly satisfactorily accounted for by the theory of ionisation, nor does 
he recognise that his alternative explanation is hopelessly opposed to the 
fact that acetic acid can be titrated with caustic soda, as well as methylamine 
with hydrochloric acid. Moreover, if sodium acetate or methylamine 
hydrochloride are hydrolysed in their aqueous solutions, the former ought 
to possess saponifying, the latter inverting (to cane sugar), properties. 
Adopting Krarrt’s interpretation, we should have to assume also caustic 
soda to be ‘hydrolysed’ in aqueous solutions, which in the boiling test also 
yield values for the molecular weight of that base amounting to only one 
half of the real value—a fact entirely in agreement with the theory of 
ionisation, but utterly unintelligible in the light of Krarri’s assumption. 
So much for KrarFrt’s curious basis of his theory of the colloidal state. 

Observing next that alcoholic solutions of sodium oleate exhibit a 
marked increase of their boiling point above that of alcohol—in other words, 
that the oleate in these solutions behaves as a crystalloid—Krarrt infers 
that “water, at least under ordinary pressure, is as necessary for the 
formation of colloidal soap solutions as soap itself.” With this statement 
one cannot but agree, but upon the real significance of this observation 
Krarrt has nothing further to say. He then proceeds? : 

“The observation that such well-known organic salts, t the composition 
of which is known beyond doubt, are capable of forming colloidal solutions, 
and therefore belong to the class of colloidal bodies, is of considerable 
interest in view of the fact that the nature of all colloid substances is 
still more or less wrapped in mystery. Particularly the observations 
made on hexadecylamine chlorhydrate C,,H33,.NH,.HCl and methyl- 
ammonium palmitate C,,H,,0,(NH,.CH;) seem to confirm that although 
a not inconsiderable size of molecule seems to be essential for the forma- 
tion of a colloidal substance, the chemical composition of the latter may, 
nevertheless, be a very simple one.” 

In the first instance, I would point out that we have no right to call 
the soaps colloidal substances ; they are very well defined crystalloids, which 
may or may not form colloidal solutions, according to the nature of the 

1 Ber., xxix. (1896), p. 1331. 2 Ibid., xxix. (1896), p. 1335. 
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solvent employed. If we call the crystallisable sodium salts of the fatty 
acids colloidal bodies, why not also aluminium chloride and ferric chloride, 
seeing that aluminium hydrate and ferric hydrate can also exist in colloidal 
‘modifications’? The very fact that an aqueous solution of sodium 
palmitate is a colloidal solution, but that an alcoholie solution of the same 
salt is a crystalloid solution, is proof conclusive that sodium palmitate itself 
is not a colloid, but a body which may undergo in aqueous solution a change 
leading to a colloidal solution. KRrarrt’s expression of surprise that such 
simple salts as the ones he mentions are capable of forming colloidal solu- 
tions is peculiarly inappropriate, considering for how long a time colloidal 
alumina, ferric hydrate, and arsenious sulphide have been known, and 
considering further that we know quite a number of colloidal elements, It 
is, moreover, incorrect to say that to be able to assume the colloidal state, 
a substance must possess a high molecular weight. The very existence of 
all the inorganic colloids disproves this assumption. The colloidal mole- 
cule, no doubt, is always extremely complex, but it often, if not generally, 
consists of very small molecular units. 

KraFFT now advances the proposition: ‘Colloidal liquids or solutions 
contain the liquefied substances in the molecular state.” The proof of 
this proposition he finds in the fact, as presented by him, that the salts 
of the low fatty acids in aqueous solution are hydrolytizally dissociated, 
and consequently, in the determination of their molecular weights, yield 
figures amounting to only one half of their known molecular weights. The 
sodium salts of the high fatty acids are, in aqueous solution, likewise 
hydrolysed ; but in spite of this, the boiling points of these solutions are 
identical with the boiling point of water, or, in other words, these salts 
exhibit the properties of colloidal substances. On the other hand, Krarrr 
observed that the melting and solidification points of colloidal soap jellies 
are identical with the same constants of the respective fatty acids contained 
in these salts. He further observed that the molecules of the liquid fatty 
acids in question are exactly normal, and from these observations he con- 
cludes that the soap jellies also contain the free fatty acids, and so, by 
implication, also the soaps themselves, in the unimolecular state. 

KraFrt, of course, realises that his conclusions bring him into conflict 
with the laws and phenomena in relation to the osmotic pressure of solutions, 
and this difficulty he attempts to bridge over by a second proposition : 
“ Molecules in the state of colloidal liquefaction rotate ia small closed curves 
or surfaces.” This curious conception would, of course, fairly account for 
the fact that colloidal molecules no longer appear to obey Avogadro’s law, 
but this hypothesis calls just as much for explanation as do the facts it was 
invented to explain. The need for it simply arises out of Krarrt’s first 
proposition, with the truth of which it stands or falls. But the fact 
that the melting and solidification points of colloidal soap jellies are 
approximately identical with the melting and solidification points of their 


respective fatty acids, although a very interesting observation, scarcely 
4 
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justifies Krarri’s revolutionary conclusions. It is, indeed, by no means 
so certain that in these concentrated soap jellies the soaps are, as KRaFFrT 
assumes, completely hydrolysed—at any rate, this assumption should not 
be made without further experimental evidence, which might have been 
obtained by the determination of the conductivities of these jellies. Nor 
should it be overlooked that it is even doubtful whether soaps, simple as 
is their composition, are really the best starting-point for a study of the 
colloidal state. For the same reason the salts of aluminium, iron, and 
chromium, from which colloidal hydrates are readily obtainable, or the 
silicates, or arsenious acid and its conversion into colloidal arsenious 
sulphide, would appear far more suitable objects. But there is, I conceive, 
one point which appears to me to call for careful consideration in enquiring 
into the causes and nature of the change of crystalloid into colloidal solu- 
tions—a point which, I think, should not be so summarily dismissed as has 
been done by Krarrr. This is that in all these cases the colloidal state 
is induced by hydrolysis in aqueous solution. In this fact KrRarrr sees no 
more than what is expressed by the bare equation by which the chemical 
effect of hydrolysis is recorded :— 


C,.Hs,0.Na + H,O = Cg.H 3.0. + NaOH. 


But the facts in connection with aqueous soap solutions, the conditions 
under which all the inorganic colloidal solutions and colloids are formed, 
the behaviour of the colloidal carbohydrates, and many similar considera- 
tions, all strongly suggest that the water plays a far more important and 
determining part than is expressed by a mere hydrolytic equation. Indeed, 
J am inclined to think that simple as the composition of the soaps and of the 
above named inorganic compounds appears, this is really a simplicity of a 
pragmatical order only, the simplicity of our ignorance ; and that, in reality, 
the colloidal change induced in the above named substances by hydrolysis 
is an extremely complex phenomenon, and for this reason much more diffi- 
cult to investigate than the nature and cause of the colloidal condition of 
a hydrocarbon substance like polyprene. 

Krarrt has shown! that by treating aqueous soap solutions with 
toluene, the whole of the fatty acid contained in the solution can be re- 
moved by successive extractions with that solvent. But from this it can- 
not be concluded that aqueous soap solutions contain the whole of the 
fatty acid in the free state. Indeed, according to his own showing,? this 
is not the case. An equilibrium, determined by the quantity of water 
present, and probably also by the temperature, is produced in these 
solutions :— 

CigHs0,Na + HO S—= C,,H3.0, + NaOH. 
X 
But even at enormous dilutions this hydrolytic action is never complete, 


as is shown by a glance at the following curve (fig. 2) showing the per. 


1 Ber, xxvii. (1894), p. 1752. 2 Loc. cit., p. 1751. 
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centages of sodium contained in crystallisations obtained from solutions 
of various strengths of sodium palmitate. 

These facts Krarrr utilises for his theory, laying great stress upon 
the free acid and the free alkali in his colloidal soap solutions, but giving 
no further consideration to those portions of acid and alkali which remain 
in combination. He seems, on the strength of his observations of the 
result of the extraction of soap solutions with toluol, to assume that practi- 
cally the whole of the soap in the solution is split up into free acid 
and alkali. But from his experiments it is perfectly obvious that this 
extraction simply disturbs the above mentioned equilibrium by the 
gradual abstraction of one of the constituents. He therefore entirely 
overlooks the highly significant fact that it is impossible to obtain his 
colloidal soap solution in its ideal state of purity by trying to prepare 
an aqueous and colloidal solution of pure palmitic acid. He ignores that 
this is only possible if there be any alkali present, and from this fact I 
prefer to conclude that the colloidal state of a solution of sodium palmitate 
is induced in the first instance by the hydrolysis of that salt, which process, 
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Fic. 2.—Diagram to Krarrt’s theory of the colloidal state. 


aven at very great dilutions, does not appear to proceed appreciably beyond 
the formation, besides free alkali, of the dipalmitate C,,H,,O0,Na+C,,H,,0. 
With the formation of this latter salt the conditions for the colloidal state 
are obtained, but whether this salt is eo ipso a colloid, or forms a colloidal 
ageregation product with water, is not known, although I strongly incline 
to the latter conception. 

+ Exactly the same is to be observed in the case of the salts of aluminium 
and iron, which in absolute alcoholic solution can be dialysed without the 
slightest decomposition. The dialysis of aqueous solutions of these salts, 
on the other hand, always yields the solutions containing what is known 
as colloidal alumina and colloidal ferric hydrate. To the well-known 
fact that these solutions always retain slight quantities of acid I have 


1 This may be attempted by dissolving palmitic acid in acetone, and diluting this 
solution with a large volume of water. 
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already drawn attention, and I strongly believe that the presence of this 
acid residuum should be looked upon, not as incidental, but as very 
probably playing a determining part in the subsistence of the colloidal 
state in the above named bases. Aluminium hydrate and ferric hydrate 
in the pure state no more form colloidal solutions than does pure palmitic 
acid: the presence of a very small proportion of acid in the former, or of 
alkalt in the latter, case appears to be essential. If this be correct, we arrwe 
at the conclusion that neither the salts of aluminium, nor of tron, nor the 
pure hydrates of the oxides of these bases, nor the soaps, nor their free fatty 
acids, are colloids, but that they are all capable of forming colloidal aqueous 
solutions, the colloidal state being induced by the hydrolysis of these salts, 
and becoming the more pronounced, the nearer this hydrolysis approaches ws 
chemical limits. Corresponding to the chemical lability of these salts is the 
peculiar physical instability of their aqueous solutions. 

How far these conclusions apply in regard to the silicates and colloidal 
silicic acid, to the tungstates and colloidal tungstic acid, and to colloidal 
arsenious sulphide, no observations are at hand which would enable us to 
form an opinion. It is, however, known! that on dialysing potassium 
silicate, gelatinous silicic acid is deposited on the septum, which fact 
suggests that alkaline silicates, like soaps, undergo hydrolysis in aqueous 
solution. On the other hand, colloidal solutions of silicic acid persist even 
in the presence of excess of acid; and silicic acid obtained by dialysis is, 
to the extent of 14 per cent., soluble in water ?—facts which distinguish 


colloidal silicic acid rather sharply from the before discussed colloidal ° 


solutions. The facts in respect of tungstic acid are somewhat similar. 
Both the silicates and the tungstates are characterised by the enormous 


molecular complexity of their salts—polysilicates, polytungstates; and: 


this fact must appear highly suggestive in view of the evidence we have 
been quoting in support of the assumption of high molecular complexity 
and distension of the colloids as a class. It is, indeed, remarkable that 
stannic acid, which possesses, though in a somewhat lesser degree, the 
above mentioned characteristics of silicic and tungstic acid, is also known 
to exist in a colloidal form, All three acids are rather weak acids, and 
in this relation it is important to observe that amongst the many colloids 
there is neither a strong acid nor a strong base. As a matter of fact, 
a considerable number of organic colloids, including some of the most 
typical members of this class, are either essentially polyalcoholic bodies, or 
simply hydrocarbons. 


No doubt the unquestionable difference in the chemical conditions con-_ 


. ducive to the induction in inorganic compounds of the colloidal state, as 

well as of its persistence when established, render it difficult to discover the 

determinant cause of the colloidal state ; and this difficulty would seem to 

be increased by any attempt to explain the remarkable difference of the 

stability of the colloidal condition in the above named substances. The 
1 BecQUEREL, C. R., 67, 1081. ® CuuRCH, Jowrn. Chem. Soc., 15, 107. 
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very facts in relation to these questions render it, however, obvious that 
the colloidal state is a purely physical condition induced in different sub- 
stances by a number of rather varying chemical reactions. The presence of 
water 1s the only condition common to all the cases of colloidal induction we 
quoted or might have quoted, and in every one of these cases we are there- 
fore justified in assuming hydrolysis or hydration as a contributing factor. 
Nevertheless, we are not justified in concluding from this that hydroxyl 
groups must be present in all colloids, for one of the most pronounced 
colloids, india rubber, is a hydrocarbon. Indeed, the induction of the 
colloidal state in the above discussed inorganic compounds, and probably in 
all ionisable compounds, does not appear to be determined by any definite 
chemical composition, but rather seems to represent the physical corollary of 


a more or less limited phase in the decomposition of a reversible system. 


With this conception of colloidal induction as the physical concomitant of 
an unstable chemical equilibrium, the fact that this induced colloidal state 
ceases to exist as soon as the chemical equilibrium to which it is due is 
disturbed by the intervention of some definite chemical influence, is in 
thorough agreement. Thus we know that as soon as we disturb the 
chemical equilibrium expressed by 


C,,H 0.Na + HO SS C,,H;,0, + NaOH, 
by abstracting gradually the palmitic acid by means of toluol, the colloidal 
state rapidly disappears in the realisation of the final condition of 
C,,H3,0,.Na + H,O = C,gH 3.0. i: NaOH. 
In the great majority of other cases, the addition of small quantities of 
indifferent salts, or of acids or alkalies, disturbs the colloidal state by dis- 


i turbing the equilibrium to which it is due, and at which only it persists. 


For this reason I hold that it is inadmissible to apply the term ‘colloid’ to 
substances which only within a more or less limited phase in a continuous 
series of physical changes induced by chemical differentiation can assume 
the colloidal state. Or, in other words, it is utterly misleading to describe 
as colloids compounds which in themselves are unquestionably crystalloids, 
and which exhibit colloidal characteristics only when forming part of 
certain chemical systems. Obviously in such cases the colloidal nature is 
due to the system as a whole, and not to any one of its components. The 
term colloid should therefore only be applied to compounds, the solutions of 
which, under all conditions, and in whatever solvents, behave as colloidal 
solutions, and which further maintain this character through all chemical 
changes which leave the molecule, such as we conceive tt, intact. 

Of course it might be argued that the globomorphous precipitates 
obtainable from the colloidal solutions of the soaps, of the salts of 
aluminium, iron, chromium, silicic acid, tungstic acid, stannic acid, and 
others, are the solid forms of the colloidal states of these compounds. This, 
however, would be tantamount to the assumption that the amorphous and 
the solid colloidal states represent essentially identical forms of matter—quite 
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an unacceptable proposition. The globomorphous form of precipitate is 
extremely common amongst the precipitates formed in a solution by a 
sudden and radical change of the composition of the solvent, but it has 
never yet been suggested that these globomorphous precipitates in any way 
represent a colloidal state of the substances precipitated. On the other 
hand, there is no doubt as to the close relationship between these globomor- 
phous precipitates and the amorphous condition of matter in general ; but 
in a vague way it is realised that there is a considerable difference between 
the amorphous state of matter in general and the equally amorphous solid 
colloids. Very little is known respecting this highly complex problem, but 
a careful study of the changes involved in the transformation of a colloidal 
solution into a jelly, and of such a jelly intoa globomorphous or amorphous 
precipitate, will readily produce the conviction that the latter change in- 
volves an abrupt physical change such as is scarcely consistent with the 
assumption of the persistence of the colloidal in the globomorphous or 
amorphous state of matter. That there exists, nevertheless, a close con- 
uection between these very obscure states of matter is as certain as the 
fact that under certain conditions crystalloids, even in the crystalline form, 
as well as colloids, may assume globomorphous forms and structures.! All 
this, however, merely goes to show that the obscurity enshrouding the 
nature of colloidal solutions becomes utter darkness as we proceed from 
such solutions to globomorphous, amorphous, and colloidal solids. This 
fact is scarcely surprising, seeing that our knowledge of the nature of the 
gaseous state and of crystalloidal solutions is incomparably in advance of 
our insight into the constitution of solid crystalloidal matter. 

But there are two states of colloidal solutions which are clearly recog- 


nisable as continuations of the colloidal state in solutions. These are the 


gelatinous and pectous states, both of which are familiar to everybody. 
In the gelatinous state we have a colloidal solution assuming a peculiar 


state of semi-rigidity or quasi-solidity. The degree of rigidity of a jelly. 


appears to be determined by the concentration of the gelatinising colloidal 
solution, and by the temperature. With the concentration, and with 
falling temperature, the rigidity increases ; and it decreases, or even entirely 
disappears, with rising temperature. The change from the liquid colloidal 
to the gelatinous state is absolutely continuous, the solution losing gradu- 
ally its fluidity until eventually the individual parts of the solution can no 
longer change their positions freely and independently, but become more or 
less rigidly fixed in relation to one another. It is well known that the 
peculiar physical properties of jellies can be explained by the assumption 
that every particle of the solution moves in extremely minute closed curves. 
Indeed, Lord Ketvin has experimentally demonstrated that by sefting 
water into a state of ‘fine grained vortex motion,’ or ‘vortex sponge,’ it 

1 This has been abundantly demonstrated by Biirscui1 in his remarkable works 


Ueber Strukturen (Leipzig, 1898) and Unters. iiber die Mikrostrukturen des erstarrtea 
Schwefels (Leipzig, 1900). 
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assumes all the properties characteristic of a jelly. It will at once be seen 
how closely this conception of the gelatinous state, a particular form only 
of the colloidal state, approximates to Krarrt’s theory of the nature of the 
colloidal state in general, and very likely this author drew his inspiration 
from this vortex theory of the ether. This application of this theory to 
the colloids as a whole suffers, in the first instance, from the difficulty 
that while this vortex theory might well be used to explain the phenomena 
exhibited by colloidal jellies, it would also seem to suggest that the 
gelatinous state is the only state in which colloids can and do exist. But 
this is not at all true—indeed, there is a number of undoubted colloids, 
india rubber being probably the best known of them, which have never been 
observed to assume the form ofa jelly. A second, and at present perhaps 
even more formidable, difficulty lies in the fact that the application of the 
vortex atom theory to the explanation of the constitution of matter suffers 
from as yet insuperable mathematical difficulties.! 

The property of cementation is one of the most characteristic properties 
of the colloids while they are in that peculiar metastatic condition which we 
discussed above as the gelatinous state. This property of cementation, or, 
in other words, the complete absence of, and the tendency to obliterate, 
possible cleavage planes, is also very probably one of the reasons why 
colloids have no solubility, and instead of dissolving in their so-called 
solvents in the manner of the crystalloids, gradually resorb them, swelling 
into jellies which eventually begin to flow, the resorption of the solvent 
still proceeding. ‘This metastatic condition and property of cementation 
of the colloids is entirely absent in what Granam termed their pectous 
modification. The passing of a colloid from either the state of a solid, or a 
jelly, or a solution into the pectous state at once terminates its metastatic 
condition, its capability of cementation. The wide range of sensibility of 
the colloids to physical and chemical influences becomes greatly restricted ; 
or conversely, the physical and chemical indifference of the colloids is 
strikingly enhanced in the pectous state. A reversion from the pectous 
to the metastatic state of the colloid is therefore either impossible, or, when 
possible, does not reproduce the original colloid condition. Attempts to 
affect the pectous colloid by physical or chemical agents very frequently 
result in its physical aud chemical break-down. A number of highly 

1 This is also, at any rate, largely the reason why the vortex atom has not already 
consigned the utterly unthinkable and unphilosophical atomic theory to the already well- 
stocked lumber-room of science. Incidentally it may be mentioned here that the con- 
ception of vortex atoms and of material masses as crowds of vortices is by no means of 
entirely modern date, but has had, like the theory of the hard material atom, several 
precursors. Particularly lucid and definite in this respect is MALEBRANCHE (Recherche de 
la Vérité, 1712):—‘‘Preuve de la supposition que j’ai faite: Que la matiére subtile ou 
éth@ée est necessairement composée de petits turbillons, et qu’ils sont les causes 
naturelles de tous changements qui arrivent a la matiere; ce que je confirme par 


Vexplication des effets les plus généraux de la physique, tels que sont la dureté des corps, 
leur fluidité, leur pesanteur, leur légereté, la lumicre et la refraction et réflexion de ses 


rayons.” 
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important technical processes, such as the tanning of leather, the vulean- 
isation of india rubber, the printing of pigment colours in albumen thick- 
enings upon calico, are based upon these facts. 

The pectous condition of a colloid or colloidal solutions may be induced— 

(a) By heat. Colloidal solutions of alumina, ferric hydrate, chromic 
hydrate, and some of the albuminoid bodies are pectised by 
heat. The pectisation in this case is probably due to dehydra- 
tion or intramolecular condensation. The presence of water, at 
least in the case of the albumens, appears to be essential, since it 
has been demonstrated that most carefully dried albumen is not 
pectised even at temperatures considerably above its coagulation 
temperature. 

(b) By internal change (spontaneous action). Almost all the inorganic 
colloidal solutions, and also a few of the organic colloids, of. the 
classes of the carbohydrates and albuminoids are able to pectise 
spontaneously. It is highly probable that pectisation in all 
these cases is due to a process of condensation and dehy- 
dration. 

(c) By indifferent salts. That many colloids are precipitated from their 
solutions by the addition of generally very small quantities of so- 
called indifferent salts is well known, but whether these precipitates 
are generally, or even frequently, pectous is to me a matter of 
some doubt. GRrauHam certainly considered them as such. 

(ad) By chemical interaction between colloids. The solutions of acid 
colloids on the one hand, and of basic colloids on the other, mu- 
tually precipitate each other. The products thus formed are often 
very remarkable, and their systematic study offers a great field 
to scientific workers and technologists alike. Whether, however, 
these colloidal salts represent always pectous colloids is a question 
involving some uncertainty—an uncertainty largely due to a 
certain indefiniteness attaching to the definition of the pectous 
state. But in all those cases where pectous colloids are produced 
by either a process of substitution or of addition, we obtain pro- 
ducts which very clearly exhibit all the above named character- 
istics of the pectous state. 

The change of a colloidal solution to the gelatinous, from this te the 
pectous, and subsequently to the solid colloidal state, represents a con- 
tinuous physical change without any abrupt break, although the appearance 
of the pectous state, as has already been pointed out above, is probably 
always due to a chemical change in the colloid. In this series of changes, 
as described above, the pectous state need not occur at all, its appearance 
being mostly determined by specific physical and chemical conditions, ‘and 
in this case we pass gradually from the gelatinous direct to the solid 
colloidal state. It follows, therefore, that in the latter series of changes— 
liquid, gelatinous, solid—the order must be reversible ; and that in the former 
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series—liquid, gelatinous, pectous, solid—this order cannot be reversed, 
owing to the non-reversibility of the pectous state. All these points are 
~much more clearly exhibited by the organic than by the inorganic colloids. 
Indeed, the only substances which throughout a long series of chemical 
changes preserve their colloidal characteristics are the organic colloids. 
What in the inorganic colloids, including the salts of organic acids and 

®organic bases, represents a mere transient phase, becomes in the organic 
colloids the permanent physical condition of their existence. 

Thus far we find ourselves without any satisfactory working hypothesis 
as to the nature of the colloidal state, upon the basis of which the-further 
exploration of this exceedingly interesting field might be pursued. We 
have so far only established the fact that the molecular weight of all 
colloids is extremely high, with the characteristic qualification that in the 
case of a great number of inorganic colloids it is a very high multiple of 
the normal molecular weight. This is the unavoidable conclusion to be 
derived from the behaviour of the colloids in the Brckmann test, as well 
as from Prerrer’s and LINEBARGER’S investigations on the osmotic pressure 
of colloidal solutions. 

There are, however, some other points in connection with the physical 
behaviour of colloidal solutions which are capable of throwing some further 
light on their nature. The longest known of these is the fact that a great 
number of colloidal solutions, though by no means all, scatter polarised 
light in a direction at right angles to that of a pencil of light passing 
through them. This phenomenon, which was discovered by TYNDALL, was 
extensively studied in its application upon colloidal solutions by Pricron 
and Linper.! ‘The most convenient way of observing it I found to be by 
means of the arrangement shown below :— 


Fie. 3.—Disposition of apparatus for the observation of the ‘ Tyndall effect.’ 


a is a lime light jet, which is, of course, preferable employed enclosed 

in a lantern; 0 is a condenser provided with an iris diaphragm,’ the best 

* distance of which from the incandescent lime is easily determined by 
*actualexperiment. c is a glass tube of about % inch inner diameter, the two 
ends of which have been ground perfectly smooth. One end, the left hand 
one in the drawing, is closed by cementing upon it a micro cover glass of 


1 Journ. Chem. Soc., 1892, p. 187. 
2 The type of condenser frequently employed for micro-photographic work answers 
very well. 
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suitable diameter, The other end can be closed with a stopper d, in the 
perforation of which a piece of glass tubing, bent at right angle, is fixed. 
This allows the tube to be filled with the solution to be examined without 
leaving in the tube any air bubbles to obstruct the path of the light. The 
apparatus is so arranged that the pencil of light coming from the oxy- 
hydrogen jet passes through the condenser 0, and traverses axially the 
tube e containing the colloidal solution under examination. The radially © 
reflected light is examined by means of a Nichol’s prism, which is fixed in 
some suitable support. 

By means of this arrangement the ‘Tyndall effect’ may readily be 
observed on a large number of inorganic colloids in solution, but it is 
important to state that it is not observable in all inorganic colloidal 
solutions, and in some only if they have been prepared in some special 
way. The case of silicic acid is particularly notable in this respect. 

Most colloidal solutions of low concentration can be filtered, but here 
also we observe some very marked differences respecting the ease with 
which different solutions of equal concentration pass through the same 
kind of filter paper. Solutions of colloidal sulphur, inorganic sulphides, 
some forms of colloidal silicic acid, molybdic acid, and many others pass 
through the filter almost as readily as water, and leave no sensible residue 
on the filter. Other solutions filter more or less difficultly, and some few 
scarcely at all. Exactly similar differences exist between the very numerous. 
organic colloids. 

Filtration through porous cells is a much more severe test, and it 
appears that, even under pressure, only very few of the colloids are capable 
of passing through this material. There is, however, a limited number of 
inorganic, and a somewhat larger number of organic, colloids which are 
capable of hydrodiffusion, although the rate of diffusion in every case is 
very small. 

Of extreme interest is the fact, first observed by Picron,! that in a 
few colloidal solutions examination with the microscope reveals the presence 
of solid particles. The following quotation from Prcroy’s paper well 
describes the microscopic aspect of a colloidal solution of mercuric sulphide :— 
“At first it is impossible to make out anything beyond a dimly granular 
appearance; but gradually one becomes aware of exceedingly minute 
particles in very rapid Brownian movement. The apparently homogeneous 
solution is really the scene of ceaseless oscillations of innumerable solid 
particles, crowded together so closely that very little free path is left. 
Indeed, this last fact is the probable explanation of their being seen at all. 
In a dilute solution the motion most likely becomes so rapid as to render 
the particles invisible.” 

It will readily be perceived that the very high molecular weight of the 
colloids as a class is well borne out by their comparative chemical and 
physical indifference, the low osmotic pressure of their solutions, and 

1 Journ. Chem. Soc., 1892, p. 187. 
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consequently their low rate of diffusion and the almost immeasurably small 
depression of their freezing points and the equally small elevation of their 
boiling points. 

It is, however, quite obvious that although all these constants are all 
very low as compared with the corresponding constants of the crystalloid 

_bodies, this is, after all, a matter of degree only, and there would not be the 
‘slightest difficulty of compiling for every constant a scale, the terms of 
which, without any appreciable gap, gradually proceed from the most 
characteristic crystalloids to the most typical colloids. But this being so, 
it is evidently a most objectionable procedure to erect a purely artificial 
barrier between crystalloids and colloids by describing the solutions of the 
latter as pseudo-solutions, or, worse still, as suspensions, 

No doubt this mistaken view is largely based upon the fact that a 
great many colloidal solutions contain particles large enough to scatter 
light, and even, in some cases, to become visible under the microscope— 
optical properties which appear to be incompatible with our previous con- 
ceptions and experience of molecules. But, granted a sufficiently high 
molecular weight, the low osmotic pressure of colloidal solutions becomes a 
necessary corollary, and with it all the rest of those physical properties 
which at first sight appear to differentiate so clearly colloids from crystal- 
loids. There remains then only the difficulty of admitting the possibility 
of the existence of molecules large enough to scatter light and, indeed, to 
come within actual vision. 

But quite recently Lopry DE Bruyn?! has shown the futility of even 
this argument. This author calls attention to the fact that the smallest 
particles capable of polarising light are from fifty to a hundred times smaller 
fhan the mean wave length of light. Putting the latter at 0°5y, the dia- 
meter of these particles could therefore not be less than from 5 to 10yu. 

We are, however, able to determine the molecular diameters of several 
colloids on the basis of their molecular weights as determined by purely 
chemical methods. 

By the cryoscopic method the following molecular weights were ob- 
tained :—starch, 25,000; albumen, 13,000 to 14,000; gelatine, 5000; dex- 
trine, 3000 to 4000; inuline, 2200. But these figures have always been 
looked upon as rather doubtful, owing to the considerable experimental error 
involved by the application of the cryoscopic method to the determination 
of the molecular weight of colloidal substances. It is therefore important 
to point out that Brown and Mix1ar,? in their valuable paper on starch, dex- 
trine, and the successive hydrolysis of these bodies, arrived at the result 
that the molecular weight of soluble starch prepared by Lintner’s method 
is at lgast 32,500, and that of dextrine 6500. In the course of their in- 
vestigations on iodine starch, RopEwaLp and Karrerin® deduced for starch 
a molecular weight of 32,700. The remarkably close agreement between 


1 Rec. des Trav. chim. des Pays Bas et de la Belg., 1900, xix., 286, 251. 
2 Journ. Soc. Chem., 75, 381. 3 Zeit. Phys. Chem., 38, 579. 
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the last named and Brown and Mitar’s figure will at once be perceived, 
as also the fair approximation of both these figures to the one obtained 
cryoscopically. 

According to VAN DER Waav’s calculations, the diameter of gas mole- 
‘cules is about from 0°1 to O°3upm, and the diameter of the molecule of 
chlorine was stated by JAuGER} as 0-66pyp. Now, taking as our basis the 


€ 
molecules of water vapour, oxygen, carbon dioxide, and chlorine, with the 


respective molecular weights of 18, 32, 44, and 71, it will be seen that the 
molecular weight of starch is, roughly speaking, a thousand times heavier 
than the mean of the above. Assuming now, as an approximation, that the 
specific volumes of these molecules are equal, it follows that the diameter 
of the starch molecule in solution is 3/1000=10 times larger than that of 
the above named molecules, and therefore about 5uy. But this value is 
practically identical with the value deduced for the diameter of the 
particles which, in colloidal solutions, are capable of scattering polarised 
light, so that by entirely different and absolutely independent methods, we 
arrive at values of exactly the same order of magnitude. 

From this extremely interesting exposition it follows that colloidal 
solutions which scatter and polarise a pencil of light passing through them, 
or which even prove themselves microscopically discontinuous, cannot for 
this reason be set apart as ‘pseudo-solutions’ or ‘molecular suspensions.’ 
The introduction of these conceptions can only have the result of altogether 
obscuring the clear fact that there exists at present no recognisable line of 
demarcation between crystalloidal and colloidal solutions. The dis- 
continuity between these two so-called classes of solutions is only apparent, 
and a discontinuity of methods of perception rather than of phenomena. 

Losry DE Bruyn? quite clearly realises this, but his proposal, based 
upon Picton and Linpzr’s observation that colloidal solutions are non- 
electrolytes, to distinguish electrolyte and non-electrolyte solutions will, no 
doubt, in time share exactly the fate of the older distinction. It is 
certainly very striking that all the colloidal solutions, organic or inorganic, 
even solutions of colloidal silver, are non-electrolytes ; but everything is in 
favour of the assumption that as we proceed from the high molecular 
colloidal solutions to the crystalloidal solutions, the phenomenon of 
ionisation, conductivity, will gradually appear and increase. 

But if all this requires any further proof, there is the case of oxyhzemo- 
globin as given by Picton and LINDER themselves. PREYER assigns to 
hemoglobin the empirical formula C,.,H,,.N 1544#'eS,0j59, which agrees very 
satisfactorily with MarsHatv’s result, who, from the amount of carbonic oxide 


absorbed by hemoglobin, determined its molecular weight as 14,157. « 


Oxyhzmoglobin is a finely crystallisable compound, the scarlet solution of 

which in water (0°3 per cent.) very markedly exhibited Tynpatu’s phe- 

nomenon. Nor was it possible to filter this solution through a porous cell : 

the filtrate obtained was absolutely colourless. We have therefore here a 
1 Zeit. Phys. Chem., 32, 17. 2 Ree. des Trav. chim., xix., 255. 
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crystalline compound of enormous molecular weight exhibiting all the 
characteristics of the colloids. 

Of course there is this difficulty, that probably all the inorganic, and 
perhaps also some of the organic, colloids represent high molecular aggre- 
gates of crystalloid molecules ; and as the same is undoubtedly true of 
matter in suspension, this might appear a strong justification for the 
*suspension hypothesis’ of the colloidal state. But it is by no means 
certain that the high molecular organic colloids are merely aggregates of 
the crystalloid molecules as we conceive them. It is by no means certain 
that colloidal arsenious sulphide is simply (As,S,),,, or colloidal silicic acid 
(SiO,),, Indeed, as regards the latter, we have certain indications that 
this is not the case. Granam’s colloidal silicic acid showed only a faintly 
acid reaction, and 100 grms. of SiO, contained in it required for complete 
neutralisation only 1°85 grms. of KOH. instead of 93°33 germs. Thus 
it would appear that in the colloid only one molecule of SiO, in fifty 
is capable of acting chemically as Si0,. This appears to me a point of great 
importance, the further study of which is likely to throw considerable light 
upon the great chemical indifference of colloids. 

There is, however, a further point which seems to afford strong proof 
of the very wide difference between a suspension and a colloidal solution. 
This is the remarkable fact that a very considerable number of crystalloidal 
precipitates formed by double decomposition of various salts cease to be 
produced when the precipitation is attempted in highly concentrated 
colloidal solutions, although double decomposition certainly still takes 
place. Some of the most insoluble precipitates are in this manner 
obtained, as was recently shown in an admirable paper by Losry DE 
Bruyy,! in an apparent state of perfect solution. It is utterly inconceiv- 
able that mere suspensions of high molecular aggregates could produce 
such a result. 

Nor is the property of the colloids of gelatinising, or pectising, at all 
intelligible as afunction of suspended matter. It is, indeed, when we enter 
upon the consideration of these two phenomena of the colloidal state that 
the difficulty of the colloidal problem becomes altogether overwhelming in 
the present condition of our knowledge, 

The gelatinising of a colloidal solution must be clearly distinguished from 
the change GraHam termed pectisation. The gelatinous state of a col- 
loidal solution, relative to the liquid state of solution, is characterised by its 
reversibility. The physical state of a colloidal jelly is éssentially a function 
of concentration and temperature. A solution may be induced to gelatinise 
either by increasing its concentration or by lowering its temperature ; and 
conversely, a jelly may be liquefied either by reducing the concentration or 
raising the temperature. For every colloid capable of gelatinising* there 


1 Rec. des Trav. chim. des Pays Bas, xix. (1900), 235. ; 
2 Only comparatively few of the known colloids are capable of forming jellies in the 


above sense. 


78 INDIA RUBBER AND ITS ANALYSIS. 


seems, however, to exist a critical concentration, below which no reduction 
of temperature will induce gelatinisation. 

From these facts it may safely be inferred that gelatinisation is an 
agerecation phenomenon resulting in the cessation of the free mobility 
of the colloidal molecules, and the fixation of their relative positions. 
Colloidal matter in the gelatinous state represents therefore a molecular 
sponge, and it becomes evident that colloidal matter in this state already 
possesses a definite structure, determined, no doubt, largely by the stereo- 
metric condition of the individual molecules, and, as I believe, in a minor 
degree also by the nature of the solvent. 

This highly probable assumption explains also most satisfactorily the 
extraordinary microscopic reticular structures, of which we owe such 
admirable accounts to Prof. Birscunt. The conception of BtrscHui’s 
colloidal structures—‘Schaumstrukturen ’—which are of an order of 
magnitude respecting their elements in most cases approaching the limits 
of microscopic vision, as molecular sponges likewise cannot be objected to 
on the ground of their visibility, since we already have to face the fact of 
actual molecules in solution coming within the limits of optical perception. 

The pectous state of colloids is in its outward appearance often 
indistinguishable from the gelatinous state, but the two are sharply 
distinguished from each other by the circumstance that the pectisation 
of colloidal solutions is not a reversible process. Colloidal solutions can 
be pectised at very much lower concentrations than those required for 
gelatinisation, and in those cases where temperature is of any marked 
influence upon pectisation, this influence shows itself as the effect of a 
rise of temperature. 

The influences which ‘induce the pectisation of colloidal solutions 
are somewhat varied and certainly not easy to classify. Some colloidal 
solutions pectise spontaneously on standing, some by boiling, a large 
number of the inorganic colloids by freezing. The majority of the in- 
organic colloids pectise on adding to their solutions minute quantities 
of electrolytes, but in a number of cases the precipitates obtained are 
re-soluble in pure water, and therefore certainly not pectous. 

The most typical cases of pectisation are those in which the colloid 
in solution forms a pectous jelly on undergoing a chemical change. 
Cases of this kind are extremely rare amongst inorganic colloids, but 
rather frequent among the organic colloids. The question of the change 
involved in the pectisation of a colloid is, on the whole, still a very 
obscure point, and the probability is, that it will ultimately be found to 
resolve itself into a group of partly physical, but mostly chemical] changes. 

As regards the physical condition of matter in a pectous jelly, it must 
obviously be described in exactly similar terms to those in which we have 
above described the constitution of a ‘reversible’ jelly. But the ‘fixation of 
the relative positions’ of the colloidal molecules in the case of the pectous 
jelly being due to a chemical change produced in the molecule, it could 
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only be reversed by reversing the chemical reaction in question, and not 
by a mere change of physical conditions, such as temperature or solvent. 
Such a chemical change may, of course, be induced by purely physical 
agents, as in the case of albumen by the application of higher temperatures, 
in which case pectisation would be due to a process of condensation or 
dehydration ; but in the majority of cases it is the result of a chemical 
*®reaction between the colloid in solution and an added chemical reagent. 
While comparatively few only of the numerous organic and inorganic 
colloids are capable of forming reversible jellies, all are capable of forming 
pectous jellies. Indeed, even the solid colloids are pectised, rendered 
permanently insoluble, whenever we are able to induce in or throughout 
them a chemical reaction under the influence of some outside reagent. 
And this brings us into contact with a matter of extreme technical 
importance in regard to colloids—namely, the fact that the ultimate 
physical condition of every colloid in the pectous state depends to a very 
considerable extent upon the physical state of the colloid at the time 
- pectisation was produced. Jn other words, pectisation is the means of 
perpetuating any physical state of a colloid. The vast majority of the 
most important technical problems in relation to colloids become intelligible 
once this fact is clearly realised. 

There is one curious point to be noticed in regard of the pectisation 

of colloidal solutions. It consists in the fact that while colloidal solutions 
can be pectised—z.e., converted into insoluble colloids—however great 
their dilution, pectous jellies can be obtained only with solutions the 
concentration of which does not fall below a certain limit, which differs 
not inconsiderably for different colloids. 
e It may at once be stated that these limits ‘are, for the various colloids, 
very much beyond the limits of concentration determining the formation 
of reversible jellies in the different colloids; or, in other words, a colloidal 
solution will form a pectous jelly at a dilution at which the solution 
would no longer form a reversible jelly. But the concentration at which 
a colloidal solution has been converted into a pectous jelly leaves, 
nevertheless, its mark upon the colloid, so as to render it permanently 
distinguishable from any pectous jelly of the same colloid, but. produced 
at a different concentration, Nor does this difference disappear if such 
different pectous jellies are, by desiccation or otherwise, freed from the 
solvents distending them. In fact, in most cases there remains a difference 
in their general appearance, their softness, often even their colour; and 
on re-immersing these different products in their former solvents, which 
cause them to swell or distend, it will be found that the volumes to 
which they are distended bear an evident close relation to the volumes 
they “occupied before their pectisation. 

Colloidal solutions subjected to a pectising treatment at concen- 
trations beyond the limits above referred to, as already stated, no 
longer form pectous jellies, but simply amorphous precipitates, and it is 
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highly significant and suggestive that at whatever concentrations these pre- 
cipitates have been produced, they behave physically and chemically 
exactly alike. One cannot help thinking that in colloidal solutions the 
individual molecules do not possess free mobility, but that the latter is 
impeded by a general action—attraction /—of all the molecules upon each 
other. This would necessarily lead to the displacement of any one 
molecule, or group of molecules, by an external force resulting in a 
corresponding displacement, but one decreasing with the distance from 
the centre of disturbance, of all the surrounding molecules. Such a 
conception appears to afford a satisfactory explanation of the often very 
striking viscosity of colloidal solutions, which often exhibits itself in such 
a peculiar form as to suggest that in colloidal solutions we are con- 
fronted with matter in a state of continuous molecular concatenation 
or aggregation. It likewise seems to me to explain the cause of the 
often enormous internal friction of colloidal solutions, and would suggest 
it to consist really in a molecular shearing stress. This peculiar mo- 
lecular effect, which also exists in many highly concentrated crystalloidal 
solutions, would, of course, tend to decrease with the concentration, and 
would entirely disappear beyond a certain limit of dilution. The exist- 
ence or disappearance of this state of molecular interaction would determine 
the capability, or the reverse, of colloidal solutions to form pectous jellies. 

A hypothesis of this kind may or may not prove of service, but it 
suggests several highly interesting lines of experimental research which 
in any case would be productive of valuable results. The problem in 
question is, however, considerably complicated by the fact that the nature 
of the solvent itself by no means plays a passive part in the formation 
of a colloidal solution. e 

This is well exemplified in the case of india rubber, the viscosity of 
the solutions of which varies markedly with the nature of the solvent 
employed. And these differences seem to endure even after the separa- 
tion of the solvent from the colloid. At any rate, india rubber separated, 
either by precipitation or by evaporation, from its solution exhibits 
considerable differences in its physical properties—notably in tensile 
strength—according to the nature of the solvent in which it was dissolved ; 
and this fact I believe to be closely related to the further observation 
that a similar striking difference exists between the relative volume to 
which india rubber will swell in different solvents. These facts are 
matters of considerable technical importance. 

Thus far the condition of matter in the colloidal state would appear to 
be simply that of matter possessing extremely large molecular weights, 
but not differing from crystalloidal substances by any specific physical 
or chemical characteristics. The transition from the crystalloidal to the 
colloidal state would, accordingly, appear to be perfectly gradual and con- 
tinuous ; and although the extreme terms of the series exhibit enormous 
physical and chemical differences, these become quite insignificant between 
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neighbouring terms. There is much in the facts known at present. in 
reference to colloids to commend this view, but there are also certain 
properties of colloidal solutions, most of which have already been referred 
to above, which do not become more intelligible on this assumption. 
Perhaps the most striking of these is the observation that colloids 
in solution, or in the state of a jelly, are capable of altogether preventing 
@ the formation of a great number of crystalloidal precipitates. This fact 
has long been known, but it was first studied more thoroughly by Losry 
DE Bruyn,! who showed that insoluble precipitates of a number of salts, 
which form by double decomposition, are no longer obtained if these solu- 
- @ tions contain from 5 to 10 per cent. of gelatine. Double decomposition, 
2 indeed, does take place under those circumstances, but the products remain 
in colloidal solution. On cooling such mixtures, absolutely glass-clear jellies 
are obtained. Losry DE Bruyn obtained in this manner perfectly trans- 
parent colloidal solutions of metals (by reduction), sulphides, hydroxides, 
ferrocyanides, cuprous oxide, and manganese peroxide. 

These facts are quite inexplicable on the above assumption. They 
show that colloidal solutions are capable of inducing the colloidal condition 
in normally ecrystalloidal precipitates at the moment of their formation. 
This very curious phenomenon is, of course, not incompatible with our 
above assumption, nor is it very likely that it conflicts with a property 
of colloidal matter which is not also shared by matter of a lower molecular 
weight, and which, indeed, may be a function of that constant ; but even so, 
its explanation cannot be hoped for until our knowledge of the physics 
of matter of extremely high molecular weight has considerably advanced 
beyond its present state.” 


© 1 Ree. des Trav. chim., 1900, p. 236. 

2 The further question as to whether the colloidal state is confined to the solid and 
liquid states of matter, or whether there is such a thing as a colloidal gas, I did not 
venture upon in the foregoing pages for very obvious reasons. At first sight this sugges- 
tion appears to be verging on the absurd, as it might seem to imply that colloids could be 
converted into gases. Of this no instance is known. But, on the other hand, TowNsEND 
(Proc. Camb. Phil. Soc., 1897) made the very curious observation that electrified 
hydrogen diffuses with extreme slowness through a porous pot—as Prof. J. J. THomson 
(Discharge of Electricity through Gases, p. 16, London, 1898) puts it, just as if an 
electrified particle were ‘‘the centre of an aggregate of some kind which is very large 
compared with the dimensions of a molecule.” But this, according to the result we 
arrived at above, is exactly what would constitute a colloidal gaseous molecule. 
TowNseEnD filled dust-free electrified hydrogen into a porous pot: ‘‘ The rate at which 
hydrogen in its normal condition escaped from the pot was determined, and then, by 
connecting the porous pot with an inductor connected with an electrometer, the rate at 

e which the charge escaped from the pot was determined. If the electrical particles had 
e been simple molecules, the rate at which the charge escaped would have been equal to 
the rate of escape of the hydrogen ; whereas the experiment showed that in reality the 
rate af@ which the charge escaped was only a small fraction of the rate at which the 
hydrogen escaped.” In other words, here we have hydrogen assuming properties which 
distinguish it from its normal condition, just in the same manner in which a erystalloidal 
substance is distinguished from its colloidal form. Whether TownsEnD was operating 
with colloidal hydrogen in this case is a question of extreme interest. If so, we should 
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It is quite possible that experiments on the phenomena just discussed 
applied to india rubber would be capable of yielding highly interesting 
technical results, and would well repay careful study. 


Outlines of a Theory of Vulcanisation. 


India rubber, within a comparatively very limited range, displays great 
sensitiveness to changes of temperature. In the early stages of the manu- 
facture of rubber goods this drawback was very keenly felt, and so was 
the further difficulty that india rubber surfaces have a great tendency 
to cling and unite, and that the plasticity of the material was very apt 
to lead to deformations. The ‘tackiness’ of india rubber, it was soon 
found, could be largely remedied by treating the surfaces with mineral 
powders, such as French chalk (talcum), precipitated calcium carbonate, 
or sulphur. But this would, of course, still leave the other difficulties to 
be felt. It is therefore not surprising that the.early practical workers tried 
to devise a process to convert the crude india rubber into a, physically, 
more stable product. This was accomplished by treating india rubber with 
sulphur at temperatures exceeding 120° C., a process jointly credited to 
GoopyEeaR in America, and Hancock in England. The process is now 
known by the not very felicitous description of vulcanisation. 

The recent efforts of chemists to bring to bear upon the numerous 
operations and problems of the india rubber industry the methods and 
results of modern chemistry have repeatedly been made the subject of 
adverse criticism. The smallness of the results so far achieved has been 
contrasted with the enormous importance of the above named discovery of 
GoopyEAR and Hancock. Such criticism entirely overlooks the fact 
that this discovery was the result of years of experimenting, and was them, 
in the end, in the case of both discoverers, due far more to perseverance® 
and accident that to rational method and insight. Of inventions and 
discoveries made in this more or less haphazard manner we only hear of 
the successes, but not of the countless failures. On taking possession of 
the india rubber field, the chemist found himself confronted by an enormous 
number of empirical, disconnected observations resting upon no other 
basis than that of daily rule-of-thumb routine. As regards the india rubber 
itself, quite apart from the phenomena encountered in its manufacture, 
nothing at all of any reliable, or even tangible, nature was known. In 
other words, the very basis had to be created for the scientific method 
to be applied. It is not usual that pioneer work of this kind leads to 
immediate revolutionary discoveries. 

Often these same critics assure us that vulcanisation being a long ac- 
complished fact, there is, indeed, nothing left for the chemist to discover 
concerning india rubber. This statement is made, be it noted, at ‘a time 
expect the vapour density of this electrified hydrogen to be very much higher than the 


vapour density of this gas in its normal condition. An experimental decision of this 
highly important point should not be very difficult. 
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when not one manufacturer out of ten has the faintest idea of the intrinsic 
nature of the process upon which he depends for his whole production, and 
when the same critical authorities cannot agree between them whether 
sulphur does or does not chemically combine with the india rubber in the 
vulcanising process, and even seriously state that india rubber contains 
liquid hydrocarbons, or that such are formed in the process of roller masti- 
cation. 

We turn our attention first to the question of the general action of 
sulphur upon india rubber at higher temperatures, and it will be advisable 
to complete this enquiry by ascertaining at the same time the nature of 
the action of Parks’ cold vulcanising agent, sulphur monochloride. 

The sulphur bath method might appear from several points of view the 
most suitable method of studying this question, but after a number of 
attempts, I abandoned it in favour of the method of subjecting carefully 
prepared homogeneous mixtures of Parad rubber with a definite amount of 
sulphur to the action of heat. Again in this case we have the choice of 
several methods of heating, but the one of heating pieces of this Para 
mixture of uniform thickness to vulcanising temperatures when immersed 
in water appeared to me the most satisfactory, as it involves the minimum 
of loss of sulphur by evaporation. 

The experiments were carried out with strips cut from a calendered 
sheet, 3 mm. in thickness, of a mixing of 100 parts of Para rubber with 
10 parts of pure precipitated sulphur. These strips were vulcanised in a 


phosphor bronze digestor of the construction shown in fig. 4. 


The digestor is provided with a thermometer tube (thermometer in 
mercury), a pressure gauge, and a blow-off valve. In the digestor a 


“porcelain beaker is suspended, so that it is clear of the bottom. The 
 digestor is filled to about one quarter of its capacity with water; the 


beaker is completely charged with water, and a number of the strips to 
be experimented upon immersed in it. The digestor is then closed, rapidly 
heated to the required temperature, and maintained thereat, either by 
carefully adjusting the gas burner, or by means of some form of thermo- 
regulator. At regular intervals one of the strips is withdrawn after 
blowing off steam and rapidly opening the digestor, which is then im- 
mediately closed again to continue the series. The time error caused by 
these successive withdrawals does not exceed four minutes per sample. Of 
course the water lost by the blown-off steam is from time to time made 
up with boiling water. 

The strips thus withdrawn are marked, and subsequently cut into very 


* fine threads, which are freed from every trace of uncombined sulphur by 


extracfion with acetone in a Soxhlet extractor. The greatest care was 
employed to render this operation perfect, every sample being subjected to 
a three days’ continuous extraction. The extracted samples were dried in 
a current of carbonic acid in the water oven and, until analysis, preserved 
in carefully stoppered glass tubes. 
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About 1 grm. of each of these samples was used for analysis. The 
sulphur determinations were all, without exception, carried out by CaRius’ 
method, as the results by the much simpler and more expeditious method 
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Fic. 4.—Digestor for vulcanisation experiments. ; 


proposed by Hznriquss (see page 253) were found to be liable to an error 
approaching —0°l per cent. in magnitude. In this manner the following 
results were obtained :— 


VULCANISATION OF PardA RUBBER. 


Temperatures of Vulcanisation, 
Duration of 


Vulcanisation. 
1207-O: 125° C. 180° C. 185° C, 140° C. 
Sy Sa A SAZ, rs aby 4 S.5 
30 mins. 0°71 aa 0°99 eee ie 
BOs. 55 1:18 1°32 1:44 2°17 
Tae 1°31 1°67 2°04 2°36 ay 
vid | ae 1°62 1°91 2°32 3°92 5°07 
160°" 3 Re wf Re 4-02 & 
ge0h 5 1°78 211 2°94 4°18 605 
240 ,, 1:93 2:22 5-00 5°50 rs 
BO0K,3 225 2°35 5:27 6°74 
360, 2°60 3°80 5°82 6°88 
420 ,, S71 4°04 6°04 6°97 
ARO 5s 3-94 4°31 6°33 7°13 
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These figures amply suffice to demonstrate indisputably the fact, even 
quite recently again denied, that the vulcanisation of india rubber with 
sulphur involves the chemical combination of these two substances, at any 
rate as far as the vulcanisation of Para rubber is concerned. 

That different brands of india rubber behave very differently in the 
vulcanisation process is a well-known fact, but what we know at this 
moment respecting the composition and chemical relationship of these 
different brands entitles us to assume that, although their behaviour under 
vulcanisation may not be identical with that of Parad rubber, it will be 
more or less closely analogous to it. 

Experiment entirely confirms this expectation, as is shown by the 
following tables, which show the effect of the vulcanisation of Lagos, Beni 
River, Ceara, and Borneo rubber at the temperatures of 125° C. and 135° C. 
respectively :— 


VULCANISATION OF Upper Conco, Brent River, Ceara, AND 
Borneo RuBBER. 


Upper Congo. ‘| Beni River. Ceara. Borneo. 
Duration of 
Vulcanisation. 
125° C..| 185° C. | 125° C. | 185° OC. }:125° C. | 185° C.:| 125° C. | 185° C. 
Sa, Sa aed fete coy Shek Aes Myo. dts Peey/Gakl La eal ns ite All la, Pg A 
30 mins. 0°82 1°93 0°41 1:07 0°92 Loy 0°52 0°48 
OO aya, 1°25 2°21 0°78 1°84 1°38 2°01 0°98 1:15 
OO we 1°36 2°72 1°10 3°26 2°01 2°59 1°21 1'76 
121 aa 1°54 3°02 1°58 3°75 2°26 3°23 1°34 2°02 
TSO es 1°70 3°86 2°18 4°68 2°52 3°83 1°84 2°41 
2AD eS 2°06 4°53 3°08 5°67 3°22 419 2°06 2°62 
300. =, 2°48 5°26 4°57 6°72 3°43 4°55 2°30 3°23 
360. ,, 2°94 GAZ, 511 7°38 3°59 4°73 2°67 3°79 
ia VR aa 3°39 7°12 5°31 io2 4°01 4°99 3°19 4°00 
AgOH one: 3°31 | 7°53 | 6:35 | 8:28 | 4:31 | 5:27 | 3:59 | 4:21 


The extremely interesting results! here tabulated. remove all doubt 


1 It is perhaps scarcely necessary to point out the interest and technical value of the 
above series and their graphic representations. They offer a means of reducing to a 
rational basis the factory practice in regard to the treatment in the vulcanisation of 
‘mixings’ containing different brands of india rubber. They show by simple calcula- 
tions which brands may, with advantage, be combined in a ‘ mixing’ to produce an article 
possessing any desired physical properties, and they show conversely also which brands 
will not produce a satisfactory blend. 

In this matter the manufacturer has so far been guided by practical experience alone, 
which may have been satisfactory in a number of cases, but leaves it an open question 
whether the best possible result has really been obtained. In other cases, there is no 
doubt, the blending of different brands of india rubber is made a matter of price merely, 
which, as the above tables clearly show, is unquestionably the worst procedure 
imaginable, and one that must often lead to sheer waste of individually good material. 

Of course before these tables become generally useful it will be necessary to work out 
the same series for all important brands of india rubber, and, with advantage, for a 
larger range of temperatures ; and it will further be necessary to determine for each series 
from point to point the mechanical strength of the test pieces, 
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that the vulcanisation of india rubber is a chemical process resulting in 
the formation of a polyprene sulphide. The rate at which the sulphur 
enters into combination with the india rubber hydrocarbon (polyprene) is 
characteristic for each brand of india rubber. Some of the above series 
were repeatedly investigated, always with the same result. The different 
behaviour of the various brands is particularly striking in the graphic 
representations, figs. 5, 6, and 7. 

There arises now, of course, at once the question as to the nature of 
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Fig. 5.—Vulcanisation curves of Para. 


the process by which sulphur enters into combination with the polyprene, 
whether the polyprene sulphide or sulphides formed are addition or 
substitution products. Certainly what we already know respecting the 
chemical nature of india rubber leads us to infer that the vulcanisation 
process consists essentially in the formation of an addition product of 
sulphur and polyprene. This assumption, however, requires further 
support in view of the fact that quite a number of writers, from PayENn to 
most of the recent authors, declare that vulcanisation is accompanied by 
evolution of sulphuretted hydrogen, thereby implying that the process is 
a substitution, and not an addition, process. Indeed, most of the recent 


THE CHEMISTRY OF INDIA RUBBER. 87 


authors on this subject state this in so many words. We shall therefore 
have to subject this point to a careful examination. 

Assuming the compound of polyprene and sulphur, which indisputably 
forms in the vulcanisation process, to be a substitution product, it follows 
with absolute necessity that for each 32 parts of sulphur combining with 
the polyprene, we must obtain 34 parts of hydrogen sulphide. Now, in the 
process of vulcanisation as practically carried out, we obtain, on an average, 
a product containing, say, 2°5 per cent. of combined sulphur. Consequently 
the vulcanisation of one ton of india rubber, on the above assumption, would 
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Fie. 6.—Vulcanisation curves of Parad, Congo, Beni River, Ceara, Borneo, at 125° C. 


be bound to yield very nearly 60 pounds of hydrogen sulphide, or approxi- 
mately 18,000 litres. Considering that in a number of factories the amount 
_ of india rubber vulcanised daily largely exceeds one ton weight, we should 
expect to find the vulcanising rooms of these factories reeking with this gas. 
As a matter of fact, however, there is scarcely ever a trace of this gas to be 
discovered in the rubber works’ atmosphere, and the very rare cases in 
which its presence becomes noticeable may always be considered as an 
indication of something‘ having gone wrong.’ 

In the vulcanisation of ‘hard rubber’ goods (ebonite, vulcanite) faint 
but distinct traces of sulphuretted hydrogen are generally, perhaps always, 
observable, but they could not be ascribed to the vulcanisation process proper— 
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the combination of polyprene with sulphur—which process, if it consisted 
in the substitution of hydrogen by sulphur, should cause a perfectly 
torrential evolution of hydrogen sulphide, seeing that ‘hard rubber’ contains 
at least 20 per cent. of combined sulphur. 

It is therefore certain that if hydrogen sulphide forms at all in the 
vulcanising process, its amount is utterly inadequate to support the assump- ; 
tion that the process of vulcanisation is a substitution process. 

Laboratory experiments on this question lead to exactly the same » 
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Fic. 7.—Vulcanisation curves of Para, Congo, Beni River, Ceara, Borneo, at 135° C. 


conclusion. If the experiments are carried out with technically pure Para 
rubber under conditions absolutely precluding the escape of any gaseous 
product of the reaction, very minute traces of hydrogen sulphide may some- 
times be observed; but in a considerable number of carefully devised 
experiments with tee purified Para rubber, no hydrogen sulphide at all 
could be detected. ¢ 

If, on the other hand, the ‘insoluble’ part of india rubber is mixed with 
sulphur, and this mixture subjected to vulcanising temperatures—say, about 
135° C.—a considerable evolution of hydrogen sulphide takes place due to 
the formation of a substitution product of this insoluble body, C,)H,,Oj9; 
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with sulphur, This substitution process certainly proceeds much slower 
than the vulcanisation process of india rubber (polyprene). Under the 
same conditions of temperature and time under which polyprene forms a 
vulcanisation product containing 4 per cent. of sulphur, the above named 
insoluble constituent forms a substitution product containing at most 
‘0-7 per cent. of sulphur. 

From these facts we are entitled to draw the following conclusions :— 

1. The wmdta rubber hydrocarbon, polyprene Cy Hy, combines with 
sulphur without evolution of hydrogen sulphide. The vulcanisation process 
of india rubber is therefore an addition process, 

2. The insoluble constituent of india rubber, which forms only an in- 
significant proportion of the technical product not exceeding 5 per cent. of 
the total, combines with sulphur under vulcanising conditions at a very slow 
rate with evolution of hydrogen sulphide, and with the formation of a sub- 
stitution product. 

The above conclusively settles the question regarding the general 
chemical aspect of the vulcanisation process, but it confronts us with 
the further question respecting the quantity of sulphur combining with 
india rubber in this process, as well as the more intimate structure of the 
compound thus formed. 

The tables on pages 84 and 85 very distinctly show that the reaction 
taking place between polyprene and sulphur leads to polyprene sulphides 
with an increasingly larger proportion of sulphur, without at any time any 
very distinct break in the rate of progression of the reaction being notice- 
able, which break might be interpreted as an indication of the formation of 
a definite compound. Indeed, one might be tempted to explain the very 


*curious irregularities in the vulcanisation curves of Parad rubber, as given 


-on page 84, in the above suggested sense, but on closer examination it will 
be found that by carrying out the vulcanisation at different temperatures, 
these irregularities appear at very different places, and therefore may be 
taken as probably indicating a particular physical, rather than some definite 
chemical, condition of the vulcanisation product. In this relation atten- 
tion may be drawn to the tabulated results and curve plottings in 
reference to the vulcanisation of Beni River, in which case no sudden rise 
-of the vulcanisation coefficient, and consequently also no irregularities in 
the corresponding curves, are to be observed. 

In the presence of a very large excess of sulphur, and at temperatures 
between 135 to 150° C., vulcanisation proceeds at a still more rapid rate, and 
the amount of sulphur combining with the polyprene increases enormously, 


® leading to the formation of products technically known as ‘hard rubber,’ 


ebonjte, or vulcanite. The formation of these products is accompanied by 
the evolution of only very small quantities of hydrogen sulphide, so that 
obviously the compounds formed are still essentially addition products. 
Even if it could be shown that these very small quantities of hydrogen 
‘sulphide were essentially due to the action of the sulphur upon the polyprene, 
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this would not in the least vitiate my above stated conception of the intrinsic 


nature of the vulcanisation process, as, in the extreme conditions under 


which these highly sulphuretted bodies are produced, substitution of sulphur 
for hydrogen is to be expected as a matter of course. Indeed, it is a matter 
for surprise that this secondary reaction should take place to such an in- 
significant extent only as appears to be the case. 

It may be taken, therefore, that these products represent the upper * 
limit of the normal reaction (addition) of polyprene and sulphur, and it is 
a matter of considerable interest to ascertain the numerical value of this 
limit. For this purpose three intimate mixtures of fine Para and pure 
sulphur! were prepared :— 

1. 100 grms. technically pure fine Para, 
50 ,, sulphur, 
Vulcanised : 12 hours at 138° C. 

2. 100 grms. technically pure fine Para, 
10.35, = Sulphur, 
Vulcanised: 9 hours at 140° C. 

8. 100 grms. technically pure fine Para, 


100 ,, sulphur, 
Vulcanised : 8 hours at 140° C. 


All three samples were excellent specimens of ebonite, free from porosity, 


and of remarkable strength. No. 1 was comparatively the softest of the, 


three, No. 3 being extremely hard without being brittle. ° 

Under the microscope all three show much the same appearance of an 
almost structureless mass, exhibiting no recognisable differentiation (fig. eh 
Plate I.). 

This becomes even more distinct by examining these specimens in the 
state of an extremely fine dust (fig. 9, Plate I.), which is obtained by working « 
them with a file and passing the dust thus obtained through very fine silk 
gauze. 

On extracting these products: in the state of an impalpably fine powder, 
with acetone or carbon bisulphide, an extract is obtained consisting chiefly 
of sulphur and a very small quantity of organic matter. To completely 
extract the free sulphur contained in these samples is, however, a sur- 
prisingly slow process requiring several days’ treatment in spite of the 
extremely fine subdivision of the substance. It is further curious that 
there is no difference in the rate at which the extraction proceeds in using 
carbon bisulphide instead of acetone—in fact, the latter, on the whole, is the 
more satisfactory solvent. I take this as proof that the free sulphur in 


vulcanite is present as amorphous (colloidal) sulphur insoluble in the — 


solvents for sulphur. Under the influence of the boiling solvents a 
gradual reversion of this insoluble amorphous modification into the soluble 
crystalline form takes place, so that the rate of extraction does not depend 
so much upon the nature of the solvent as upon the rate of reversion of the 
sulphur. 


1 Precipitated with hydrochloric acid from a solution of calcium tetrasulphide, 


. Weber’s India Rubber. PLATE I. 


@ 
Fic. 8.—Micro-section of vulcanite (ebonite). 
Photo-micrograph : Apochrom. Zeiss 4 mm., Projec. Eyep. 4. x 600. 
ee - 
a) 
o | : Fic. 9.—-Vuleanite powder. 
P Photo-micrograph: Apochrom. Zeiss 4 mm., Projec. Eyep. 4. x 600. 
° , 
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The amount of organic matter extracted is very slight, amounting to 
» less than 2 per cent. in all the three samples. 

The samples were extracted until a full day’s further extraction pro- 
duced no appreciable increase in the amount of free sulphur removed. 
They were then dried, and the combined sulphur in them estimated by 
CaRIUS’ process. 

The following are the results obtained : — 

Sample I. 33°08 per cent. of combined sulphur. 
ny II, 33°11 a iy ‘ 
ps ad '82 64 <3 r * 

These figures quite satisfactorily approximate to the theoretical amount 
of sulphur in polyprene. disulphide, C,)H,,S,=32°00 per cent. S. It is 
rather curious that the amount of sulphur ascertained approaches the 

_ theoretical amount the more closely, the shorter the time the sample has 
been heated, and the larger the amount of sulphur with which it had 
been mixed. I am inclined to think that this is not accidental, but points 
to the fact that substitution takes place after, or towards the end of, the 
addition process. Whether it is the india rubber constituent itself, or the 
insoluble constituent, which is thus acted upon, I have not been able to 

- decide. If the vulcanisation treatment of the above samples is consider- 
ably prolonged, products are obtained in which the combined sulphur 

gradually, but very slowly, increases. Under these conditions the evolution 
of hydrogen sulphide becomes more marked as time goes on, but, at the 
same time, the vulcanisation products deteriorate very rapidly in quality. 
Their colour changes more and more into a greyish-brown, they lose their 

‘strength and hardness, and become very porous, aud finally almost friable. 
Even in products of this description I only once observed 38°18 per cent. 
of sulphur. 

It appears, therefore, that the sulphur addition of india rubber has 
reached its upper limit with the formation of a polyprene disulphide, 
C,,H,,S,, containing 32:00 per cent. of sulphur. There must, of course, 
be a lower limit, below which we cannot go without leaving some of the 
rubber in the unvulcanised state. What this limit is we cannot ascertain 
at present, as we possess no means for isolating any of the terms of the 
series of sulphides lying within these two limits, nor for separating any 
of them from unvulcanised india rubber. 

In view of the circumstance, however, that the important change pro- 
duced by vulcanisation in the production of soft rubber goods becomes 
first clearly apparent when the vulcanised india rubber contains from 2 to 

©2°5 per cent. of sulphur, we may assume that this represents the lowest 
limit of the possible polyprene sulphides. Accepting this hypothesis, we 
find, by a simple calculation, that this corresponds to a compound (C,)Hy4)10 S, 
or Cyo9H,498, so that the polyprene disulphide we recognised above in the 
specimens of hard rubber would be Oy 9H 49999. A compound CoH 50S 
would contain 2°35 per cent. of sulphur, and it is rather remarkable that 
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this figure should come so well within the limits observable in well-cured 
rubber goods possessing the highest degree of elasticity and distensibility 
combined with the highest degree of tensile strength. India rubber possess- 
ing a higher coefficient of vulcanisation may and does show even higher 
tensile strength, but at the expense of the other physical constants. 

Henriques states that he observed perfectly vulcanised specimens of 
india rubber containing less than 1 per cent. of combined sulphur, but while 
do not doubt that he examined such specimens, I feel compelled to controvert 
most emphatically the statement they were ‘perfectly vulcanised.’ He gives 
no data in relation to their physical constants to justify the acceptance of 
his assurance. Throughout my experience in manufacture and analysis 1 
have never met with a rubber sample containing less than 1 per cent. of 
combined sulphur which could have been described as perfectly vulcanised. 
It is, of course, quite possible that the technical effect describable as ‘per- 
fect vulcanisation’ does not bear the simple quantitative relation to the 
chemical aspect of the problem which I tentatively attribute to it. In this 
case it would follow that the lower limit of the sulphur addition to india 
rubber would be still lower than I hypothetically assumed it to be, with 
the result that the above named molecular weight of india rubber would 
be still higher. But even in this case it could only be a multiple of 
CrooHigo. We are therefore now in a position to state the process of 
vulcanisation as follows :— 

3. The process of vulcanisation consists in the formation of a continuous 
series of addition products of polyprene and sulphur, with probably a poly- 
prene sulphide CiyyHygoS as the lower, and Cy) fy 69859 as the upper, limit of 
the series. Physically this series is characterised by the decrease of distensi- 
bility, and the increase of rigidity, from the lower to the upper limit. Whith 
term of the above series—i.e., which degree of vulcanisation—is produced is in 
every case only a function of temperature, time, and proportion of sulphur 
present. 


Respecting the configuration of any of the terms of this series, all is 
surmise, but the following possibilities exist :— 
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These diagrams show only one of the ethylene bonds known to exist in 
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the polyprene complex, groups X and Y representing the rest of this com- 
plex. It will be seen that for a polyprene complex Cyo9H4,49, only configura- 
tions I. and II. would be possible if the lower limit of vulcanisation is 
expressed by the composition of a compound containing 2°29 per cent. of 
sulphur—that is, by Cj99H, 59S. In this case, but with the configurations 
shown in the diagrams III. and IV., the polyprene molecule would require 
Goubling. Whether any, and if so which, of these diagrams represent the 
constitutional configuration of india rubber, only further investigation of 
the subject can decide. 

There is one fact, well known to all rubber manufacturers, which seems to 
suggest rather strongly that there is, indeed, no definite relation at all 
between the quantitative chemical result and the physical technical effect 
of the vulcanisation process, inasmuch as the same degree of vulcanisation 
in the same kind of india rubber need not result in the formation of physi- 
cally identical vulcanisation products. In other words, the fact that two 
different specimens of vulcanised india rubber, produced from the same 
brand, even from the same batch of crude rubber, possess equal amounts of 
combined sulphur—+z.e., equal coefficients of vulcanisation—by no means im- 
plies that these two specimens also possess the same physical constants, the 
same technical properties. It is well known that not only may two such 
specimens differ very widely in this respect, but it may further happen that 
while one of them is a practically permanently sound product, the other very 
rapidly deteriorates. It is, no doubt, owing to this fact that many practical 
rubber workers still refuse to look upon vulcanisation as an essentially 
chemical process, but go as far as to roundly deny it, and attempt to explain 
the vulcanisation phenomena as due in one part to the action of heat upon 
*ndia rubber, in the other part to the mere physical penetration of the 
india rubber by the sulphur. 

This fact is not lightly to be dismissed -- indeed, it is the direct cause for 
the great number of conflicting statements put forward at various times 
by different writers, it is responsible for the very confused state of our 
_ present day views on ‘the nature’ of vulcanisation, and lies at the bottom 
of all the well-recognised technical difficulties of the vulcanisation process. 
Amongst the various observations bearing upon this fact the most 
important are as follows :— 

I. Long continued working between mixing rollers destroys the 
resiliency of the india rubber, rendering it more and more plastic. In 
this state the india rubber is known to require much more sulphur for 
vulcanising than if it is only worked sufficiently long to mix it homo- 
geneously with the sulphur and such other admixtures as it is desired to 
employ. 

II. The different modes of carrying out the process of hot vulcanisation, 
even if performed in every case at the same temperature, produce very 
different results in one and the same mixing. ‘Thus it is very well known 
in practice that the methods known as dry heat curing, steam curing, 
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press curing, hot-water curing, or curing in a sulphur bath, are by no 
means interchangeable processes for one particular mixing. 

III. The results of quick vulcanisation at a high temperature with a 
large excess of sulphur, slow vulcanisation at a moderate temperature, or 
gradual vulcanisation in a temperature gradually rising to a maximum in 
the course of a very long time, even if the operations be so conducted as 


to produce in every case the same degree of vulcanisation, produce physi! 


eally very different products. 

IV. India rubber which has been rendered plastic (‘killed’) by much 
prolonged working, and exhibits the vulcanising characteristics described 
above (I.), on long keeping gradually loses these characteristics and reverts 
towards the character of moderately worked india rubber. As it does so, 
it also recovers largely its former resiliency, and loses the plasticity 
characterising its ‘fatigued’ condition. 

The above instances comprise the most important of the physical facts 
influencing the physical result of the vulcanisation process, but the most 
remarkable point is that none of them has the least influence upon the 
chemical result of the process, or upon the coefficient of vulcanisation. 
This, as already stated, is only dependent upon the same factors which 
determine the rate of progress of every chemical reaction—temperature, 
time, and mass. In other words, whether india rubber containing a 
certain amount of sulphur be only moderately worked, or whether it be 
overworked (fatigued), or by whichever method it be vulcanised, as long 
as the time and temperature of vulcanisation are the same, the chemical 
result, the coefficient of vulcanisation, is in every case also the same, 
though the physical results may, and do differ, often very widely. Thus, 
in order to produce a vulcanisation product containing 3 per cent. of 
combined sulphur in a fatigued rubber mixing requires, as a matter of 
fact, no more sulphur than what will produce the same result in the same, 
but only moderately worked, mixing. But, in order to obtain the same 
physical vulcanisation result in the first as in the second case, a much 
higher coefficient of vulcanisation, and therefore correspondingly more 
sulphur, is needed. 

The clear recognition of these facts is a matter of the highest scientific 
and technical importance. It enables us at once to co-ordinate and reduce 
to order the whole of the chaotic jumble of empirical facts in relation to 
vulcanisation which up to now surround the practice of the process with 
quite a mystic halo. The above instanced relations between the chemical 
and the physical effects of vulcanisation demonstrate in the most 
unmistakable manner that the process of vulcanisation—z.e., the process of 
the combination of sulphur with polyprene—as a chemical reaction, proceeds 
independently of the physical condition or configuration of the india 
rubber colloid, but the physical constants of the vulcanisation product 
depend to a large extent upon the particular physical state of the india 
rubber colloid induced by the conditions under which vulcanisation was 
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carried out. The vulcanising process is therefore a means by which we 
are in a position to perpetuate any physical state to which the india rubber 
colloid may be brought within the conditions required for the combination 
of sulphur and polyprene. Or, somewhat more briefly :— 

4. As achemical reaction the vulcanisation process ts not influenced by the 
physical state of the india rubber colloid ; but the physical state of the india 

®rubber colloid, while under vulcanisation, largely determines the physical con- 
stants of the vulcanisation product, 

This brief sentence contains the explanation for the often apparently 
so utterly erratic and unaccountable behaviour of india rubber under 
vulcanisation, as judged by the vulcanisation products. 

A most striking illustration of the correctness of the above proposition 
is furnished by the behaviour of recovered india rubber. In the chapter 
on india rubber substitutes I have pointed out that there is no recovered 
rubber which could be described as ‘devulcanised’ india rubber, that all 
the recovery processes can aim at and achieve is the restitution of more or 
less perfect plasticity in the once vulcanised india rubber colloid. I have 
further pointed out that there is no necessity whatever to aim at the de- 
vulcanisation of the india rubber, that this needless aim was due to an 
altogether erroneous conception of the nature of the india rubber colloid, 
and of the process of vulcanisation. It is the presence of free ethylene 
bonds in the india rubber which renders vulcanisation possible, and as in 
all soft rubber goods only one or two at most out of thirty ethylene bonds! 
ean be occupied by sulphur, it is obvious that recovered soft rubber must be 
capable of revulcanisation, or, rather, of repeated vulcanisation. This is even 
true of ground soft vulcanised rubber, but in this case, fully in accordance 
évith the above statement (4), as the physical state of the rubber in this 
case is that of a more or less dry cohesionless powder, revulcanisation, the 
actual taking place of which can easily be proved analytically, cannot 
produce a coherent solid unless the vulcanisation conditions be such as _ to 
produce a fusing of the powder, and therefore a cementation of its grains 
into one plastic mass. In the latter case this plastic condition is then the 
physical state in which vulcanisation takes place, which in this case, there- 
fore, results in the formation of a coherent solid. This is clearly the reason 
why the employment of ‘rubber dust’ in the manufacture of ebonite yields 
such surprisingly good results, as the much higher vulcanisation tempera- 
tures applicable in this case are so much more favourable to the formation 
of a continuous rubber plasma by cementation due to fusion. 

Now, in the manufacture of recovered rubber the object to be aimed at 

. is not simply to leave this cementation to occur at the vulcanisation 
temperature as best it may, but to predetermine it. This is the reason 
why fixed solvents, notably mineral oils, must be present in every re- 
vulcanisable recovered rubber. The effect of these fixed solvents is to 


1 The truth of this statement, as will readily be seen, is independent of the question 
of the molecular weight of india rubber, 
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produce at very moderate temperatures continuous, and more or less 


already homogeneous, rubber plasmata. In this physical state, vulcanisation 
supervening, the result is a coherent, continuous solid which in many cases 
is indistinguishable from similar products made from new rubber. The 
vulcanised product will be found the more satisfactory, the more easily the 
recovered rubber used reassumes, at vulcanisation temperatures, the state 


of a continuous plastic colloid. If we take any brand of recovered rubber’ 


and free it from its oil by extraction with acetone, it forms, after drying, 
an inelastic, almost friable mass. If we mix this with sulphur and attempt 
to vulcanise it, the result is invariably disappointing. That vulcanisation 
has taken place, analysis of the product will readily show; but the oily 
solvent having been abstracted, the particles of vulcanised india rubber 
were unable to assume the physical condition necessary, in accordance 
with the above fourth proposition, to ensure a physically satisfactory 
vulcanisation product. 

For theoretical reasons I am inclined to think that this proposition (4) 
applies, not only to the vulcanisation process of india rubber, but, mutatis 
mutandis, to all derivatives of all colloidal substances, the formation of 
which does not involve the cessation of their colloidal state, or an essential 
alteration of their ultimate structure or constitution. 

On page 32 I have already stated that polyprene tetrabromide is gen- 
erally obtained as a body forming a colloidal solution in chloroform, but 
insoluble in benzene and all other solvents; that in one case a product 
insoluble even in chloroform was obtained ; in another case, however, a 


product, not only soluble in chloroform, but also freely soluble in benzene, . 


resulted. The chemical composition of these compounds was exactly the 
same in every case, so that these physical differences are very difficult te 
account for. But I think that there is little doubt that they will find 
their explanation in the generalisation expressed in the above fourth 
proposition. 

Of course it is quite possible that there may be found eventually a 
concurrent chemical explanation. It is well known that variations of 
temperature have a determining influence upon the formation of isomeric 
substitution derivatives. Scores of examples of this influence may be 
found amongst the isomeric halogen and nitro derivatives of all the 
aromatic hydrocarbons. The cases are comparatively rare of such an 
influence of different physical conditions upon substitution products, but a 
certain number of such cases have been observed. Considering the large 
number of ethylene bonds in the polyprene molecule, it is highly probable 


that, under varying physical conditions, the sulphur addition characterising | 


the vulcanisation process might take effect in different places of the poly- 
prene molecule, leading thereby to the formation of isomeric polyprene 
sulphides. But it has yet to be proved that in such enormous molecular 
aggregates isomerism of this order tangibly affects the physical properties 
of the compounds. The fact that, in spite of numerous attempts, not the 
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slightest evidence has been obtained that the Par4 polyprene differs from 
the polyprene of any of the other numerous brands of india rubber rather 
points this way, as the great technical difference between them cannot be 
understood on any other assumption. Further investigation of this im- 
portant point is urgently required, but it will be noticed that the results 
of such investigation could not affect our above fourth proposition, the 
peculiar differences between the polyprene tetrabromides, above alluded to, 
not being capable of explanation on the supposition of isomerism. 

Vulcanisation with chloride of sulphur in the cold offers an exact 
parallel to vulcanisation with sulphur at higher temperatures. In an in- 
vestigation of this subject | I showed, some years ago, that the vulcanisation 
with chloride of sulphur is an addition process. The action of sulphur 
monochloride upon unsaturated hydrocarbons was many years ago investi- 
gated by GuTuriz,”? who obtained the addition products ethylene chloro- 
sulphide (C,H,),5,Cl, and amylene chlorosulphide (C,H,)),S,Cl,. These 
chlorosulphides are saturated substances, and, according to these formule, 
would have the constitution, 


H,0—Ol | yo—cl 
CH,’ | 
H,C—S CH,. HO—S 
| and f 
H,C—S OH,.HO—S 
CH | 
H,C—Cl Ye-a1 
CH, 


_ assuming the constitution of sulphur monochloride to be Cl—S—S—CI. 
More recent investigations, however, tend to show that the constitution 
eof sulphur monochloride must be expressed by the formula Cl,=S:58.* 
GuTurin’s addition products would have to be formulated thus :— 


H,C—Cl »yo-c1 
; | CH,” | 
reat CH;.HO. 
SS:S and If :S 
HAC” CH,.HC 
| CH | 
O-C1 e-a 
CH, 


“ On the Vulcanisation of India Rubber,” Jowrn. Soc. Chem. Ind., 1894. 

Ann. Chem., 118, 270. 

HeENRIQUES,* by the action of sulphur monochloride upon @-naphthol, obtained the 
following bodies :— 


HO.C,,H,—S—C,,H,.0H dioxy-dinaphtyl-sulphide, . memes wil C: 
HO.C,,H,—S—S—C,)H,.0H dioxy-dinaphtyl-disulphide, ovine. 166.0: 


S$: 9.C,)H,.OH 
§:98.C,,H,.OH 


The first of these is the chief product of the reaction, and its constitution strongly 
suggests that the formula of sulphur monochloride is to be expressed by S : SCl,, and not 


7 


dithio-dioxy-dinaphtyl-disulphide, M.P. 141° ©. 


* Ber,, xxvii, p. 2993. 
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The difference for our purposes is rather insignificant, the main fact 
remaining that this addition process results in the formation of saturated 
compounds. 

Assuming that the above compounds are typical of the interaction of 
sulphur monochloride with doubly linked carbon atoms, we are ] ustified in 
assuming that the action of sulphur monochloride upon polyprene proceeds 
on analogous lines. But the reaction between these two substances is so 
violent, that comparatively dilute solutions should be employed, and it is 
also necessary to take care that only india rubber previously freed from 
its insoluble constituent in the manner described on page 7 is used. 

The benzene serving as a solvent in these investigations should be 
deprived of every trace of moisture by distillation over metallic sodium. 
These precautions are necessary, as solutions of sulphur monochloride are 
very rapidly decomposed by moist solvents, and also because the action of 
sulphur monochloride upon the insoluble constituent of india rubber gives 
rise to the formation of by-products, which, if not recognised as such, would 
almost certainly vitiate our conclusions. 

If, observing the above precautions, we prepare a 5 per cent. solution of 
india rubber in benzene and add to it an excess of sulphur monochloride 
also dissolved in benzene, the temperature rapidly rises, and within a few 
seconds the solution is transformed into a firm, very transparent jelly. 
The reaction is not accompanied by evolution of hydrochloric acid. The 
product is allowed to stand for about twenty minutes; it is then placed in 
a bag of fine but strong muslin, immersed in pure benzene, and the jelly 
squeezed through the meshes of the fabric. This is not a particularly 
agreeable operation, but as the product is absolutely insoluble in all sol- 
vents, it is the only means of reducing it to a satisfactory condition for 
further purification. It is now obtained in the state of a mass of extremely 
fine flakes, which are washed with benzene until every trace of the excess 
of sulphur monochloride has disappeared. After this it is filtered, pressed 
between filter paper, without previous drying transferred to a Soxhlet 


by ClI—S—S—Cl. The same observation applies to the third of these substances. The 
constitution of the second body at first sight appears to suggest a reaction, which could 
only be satisfactorily expressed by the adoption of the symmetrical formula for sulphur 
monochloride. But it will readily be seen that the third compound, by elimination of 
sulphur, must form the second of these bodies. The evidence of this investigation is 
therefore strongly in favour of the asymmetrical formula for sulphur monochloride. 

The observations recently made by Lippmann and Ponuak * on the action of sulphur 
monochloride upon anthracene lead to the same conclusion. The product of this reaction, 
anthracene di-thiochloride, appears to possess the constitution, 


which also supports the asymmetrical formula of sulphur monochloride, 


* Ber., xxxiv. p. 2767. 
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extractor, and extracted with acetone until all soluble matter consist- 
ing entirely of sulphur has disappeared. It is then dried at a low 
temperature. 

The dried product is obtained in the form of fine cream-coloured flakes 
which are very friable. The substance is insoluble in all solvents, but the 
coal tar hydrocarbons, chloroform, carbon bisulphide, nitrobenzene, terpenes, 
and ethereal oils cause it to become transparent and to swell more or less 
considerably. On heating it to temperatures above 140° C. with 
mesitylene, cumene, cymene, or nitrobenzene, solution, accompanied by 
evolution of hydrochloric acid, takes place, the product being decomposed. 
In the dry state this decomposition already begins at 80° C. 

On suspending this product in carbon bisulphide, and treating it with 
a solution of bromine in the same solvent, no absorption of bromine takes 
place. The product behaves, therefore, as a saturated compound, 

On analysis it gave the following figures :— 


T II Calculated for 
+ C,H 1¢8.Clo. 
C, é a : 43°61 43°51 44°28 
ih ea 6-21 614 5*90 
S, > ; : 23°88 23°81 23°62 
Cl, 3 : : 25°97 26°11 26°19 


These figures prove conclusively that— 

5. The product of the interaction of polyprene and sulphur monochloride 
results in the formation of an addition product of these two compounds, 

* possessing the empirical formula C,)H,,S,Cl,. 

The composition of this polyprene chlorosulphide is not affected by 
preparing it in the presence of an excess of sulphur monochloride of 
varying amount. In decreasing the proportion of chloride of sulphur, the 
reaction proceeds much as before, the time within which the beginning of 
the reaction, indicated by the mixed solutions becoming first stringy, then 
gelatinous, lengthens quite inappreciably even when so low a proportion as 
5 parts of sulphur monochloride to 100 parts of polyprene is used. But 
the time in which the jellies formed reach their respective maximum 
stiffness gradually increases as the proportion of chloride of sulphur used 
grows less. : 

Provided the strength of the polyprene solution and that of the sulphur 
monochloride remains constant—say, 5 per cent. in both cases—the 
length of time that elapses before the first appearance of gelatinising 
(pectinising) in the reacting mixtures varies not more than about ten 
minutes between the limits of 120 and 5 parts of total sulphur mono- 
chloride reacting upon 100 parts of polyprene. 

With increasing dilution the rate at which the reaction proceeds 
slackens considerably, though the final result remains thereby unaffected. 
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If the concentration of the polyprene solution falls to 0°5 per cent., even an 
excess of sulphur monochloride will only produce a peculiar ‘ stringy’ jelly. 
Polyprene solutions of 0°25 per cent. strength remain apparently unaltered ; 
whether in this case also polyprene chlorosulphide is formed or not, I have 
not yet been able to ascertain. 

The action of sulphur monochloride upon the insoluble constituent of 
india rubber is distinct, but not characterised by the formation of any 
tangible compound. It should, however, be mentioned that it is accom- 
panied by a very marked evolution of hydrochloric acid. 

It has already been stated that the compound C,,H,,8,Cl,, the product 
formed by the addition of 132 parts of polyprene and 135 parts of sulphur 
monochloride, forms a brittle, friable mass. As we reduce the proportion 
of the latter, the products formed lose their friability ; they become tougher, 
merging by gradual, imperceptible degrees into more and more resilient 
and distensible masses. Characteristic of the whole series of products 
thus obtainable is the fact that they all contain sulphur and chlorine in 
exactly equimolecular proportions. In other words, they are all addition 
products of polyprene and sulphur monochloride. They also all appear to 
be perfectly homogeneous products, but it is obvious that whether this 
homogeneity is not apparent rather than real must be decided by special 
experiment. 

For this purpose! 5 grms. of pure Para rubber were dissolved in 1000 
c.c. of pure benzene, and 5*1 grms. of sulphur monochloride were added. 
In consequence of the great dilution, the reaction proceeded but slowly. 
As soon as the solution had assumed the condition of a semi-liquid stringy 
jelly, it was divided into two parts, the first of which was proceeded with 


in the above described manner. To the second part a solution of 20 grms. « 


of Pard in 200 grms. of benzene was added, and the whole vigorously 
stirred, when it assumed almost the condition of an ordinary rubber 
solution. This solution was poured into absolute alcohol, when a 
voluminous, somewhat stringy precipitate was obtained. This was filtered 
off, the filter residue washed, and finally dried in vacuo. 

The product of the first portion was, on analysis, at once found to be 
identical with our polyprene chlorosulphide C,,H,,8,Cl,. The dry second 
product formed a rather elastic, somewhat tacky mass, which, on analysis, 
was found to contain 4°88 per cent. of sulphur and 5:32 per cent. of 
chlorine. It contained, therefore, sulphur and chlorine in equimolecular 
proportions, and was, in this respect, indistinguishable from the product 
obtainable by adding to a solution of 100 grms. of Parad 11°42 grms. of 
sulphur monochloride. 

If now we treat this substance with benzene, we obtain, in the course of 
a few days’ standing, interrupted by frequent shaking, a slightly turbid 
solution, which, after considerable dilution, may be filtered through fine 


1 This is practically a repetition, quite recently made, of the experiment described in 
my paper already alluded to in Jowrn. Chem. Soc., 1894. 
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cambric on a hot-water funnel. A fine clear filtrate is thus obtained. On 
the filter remains a finely distributed residue, which, after repeated washings 
with warm benzene, was dried. It was thus obtained as a whitish non- 
coherent mass, which, on analysis, was found to contain 23°46 per cent. of 
sulphur and 25°62 per cent. of chlorine. This substance was therefore 
unquestionably our chlorosulphide C,,H,,S,Cl,. It follows, therefore, that 
the substance containing 4°88 per cent. of sulphur and 5°32 per cent. of 
chlorine, out of which it was obtained, was simply a mixture of this chloro- 
sulphide and free india rubber. 

But if we now take the substance obtained by the direct interaction 
of 100 grms. of Para and 11°42 grms. of sulphur monochloride, the 
chemical ‘constants of which are exactly the same, and treat it with 
benzene, we find that although the product swells considerably, not a 
trace of india rubber passes into solution; so that, while this product 
may or may not be a homogeneous substance, it certainly does not con- 
tain any unvulcanised india rubber. Its elasticity is much greater than 
that of the above described mixture, and its stickiness very much less 
marked. 

But if a product with only 11:42 grms. of sulphur monochloride pro 
100 grms. of polyprene does not contain any free polyprene, it is quite 
obvious that between this product and the product C,)H,,S,Cl, there must 
exist a whole series of intermediate chlorosulphides, and that, in reality, the 
compound C,,H,,5,Cl, represents simply the upper limit of this series, 
exactly corresponding to the upper limit, C,,H,,S,, in the polyprene 
sulphide series. 

In my paper, already quoted, on the vulcanisation of india rubber with 
sulphur monochloride I have shown that a product containing 4:26 per 
cent. of sulphur and 4°71 per cent. of chlorine—or, say, 9 per cent. of 
S,Cl, —and therefore closely approximating in its composition to the 
statistical formula (C,,H4,)19SeCly or Cyo9Hy9952C1,, does not contain any 
uncombined polyprene ; and from this fact I drew the conclusion that the 
polyprene molecule could not be less than C,)H,,, and that it might possibly - 
be found to be still higher. 

Whether this body, C,))H1¢99,Cl,, is really a homogeneous compound 
remains to be proved, but for the purpose of our argument the question is 
comparatively irrelevant. The mere fact, demonstrated by experiment, that 
this body contains no free polyprene is in itself sufficient proof that its 
molecule cannot be expressed by any smaller formula than ©, )H4 95 .Cl.- 
But the existence of such a body is entirely sufficient to draw the following 
conclusion :— 

6. The process of vulcanisation with sulphur monochloride consists in the 
Jormation of a continuous series of addition products of polyprene and sulphur 
monochloride, with a polyprene chlorosulphide C,)H,,S,Cl, as the upper, and 
a compound Cio) Hyg)S,Cl, as the lower limit, as far as at present ascer- 
tained, of the series. Physically this series is characterised by the decrease 
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of distensibility and the increase of rigidity from the lower to the upper 
lumit. 

It will be seen that this conclusion is a perfect parallel to the third of 
our conclusions arrived at respecting the process of vulcanisation with 
sulphur, 

The difficulty of locating the lower limit of the chlorosulphide series 
with a more satisfactory degree of accuracy appears to be rather physical 
than chemical, as will be seen from the following experiment. 

Nine grms. of pure Pard were dissolved in 200 c.c. of absolutely dry 
benzene. To this solution was added 0°144 erm. (=1°6 %) of S,Cl dissolved 
in 10 cc. of carbon bisulphide. The whole was violently agitated and 
allowed to stand for twelve hours in a dry atmosphere. At the end of 
this time the mass formed a stringy jelly, which could only with difficulty 
be distributed in 1000 c.c. of benzene. Part of this jelly passed into 
solution, the rest remained suspended in the solvent as an exceedingly tender 
colloidal sponge. The solution was separated by decantation from the latter, 
which was further treated with benzene. In attempting to repeat this opera- 
tion until this sponge, the supposed lowest member of the above named chloro- 
sulphide series, yielded no moreindiarubber to the solvent, it was found thatthis 
colloidal sponge gradually dissolved, and eventually altogether disappeared. 
It was then found that already the first treatment of the jelly with benzene 
yielded a solution containing combined chlorine and sulphur very nearly 
in the proportions in which these, in the form of $,Cl,, had been added to 
the india rubber. Further, on carrying the washing process with benzene 
just short of the complete solution of the above mentioned colloidal sponge, 
removing the latter as carefully as possible from the surrounding solution, 


and coagulating it by means of absolute alcohol, the india rubber colloid ° 


thus obtained contained only mere traces of sulphur and chlorine. We 
would have to assume, therefore, either that the jelly prepared as stated 
contained no free india rubber, and that the chlorosulphide it represents is 
soluble in benzene, or that the lowest possible chlorosulphide of polyprene 
is soluble in rubber solutions. Of these two conclusions I prefer the last 
one, as we have no tangible evidence on which to adopt the former, whereas 
the latter is not only feasible, but is, indeed, only what we should expect 
when forming within colloidal solutions bodies normally insoluble.1 

The solvent action of colloidal solutions upon insoluble colloids depends, 
however, very much upon the concentration of the former, and ceases 
below a certain point. What that point is appears to depend largely upon 
the degree of constitutional similarity subsisting between the two colloids, so 
that the greater this similarity, the lower the concentration of the soluble 
colloid? necessary to keep the insoluble colloid? in solution. I therefore 


1 Topry DE BRuyn’s observations on the result of the formation of ordinarily in- 
soluble bodies in colloidal solutions of gelatine are a case in point, See page 77. 

2 India rubber, polyprene, in this case. 

3 Polyprene chlorosulphide in this case. 


ce 
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undertook a series of experiments, with the view of ascertaining as closely 
as possible the quantitative conditions under which a polyprene chloro- 
sulphide is obtained which should be just insoluble in benzene or any of 
the other india rubber solvents. 

From the result of the optical investigation of polyprene, GLADSTONE and 
Hissert, in their repeatedly quoted paper, arrived at the conclusion that 
the smallest possible formula of india rubber had to be expressed as C,,H,,. 
This formula, indeed, agrees very well with the composition of quite a number 
of the derivatives of polyprene described in the foregoing pages. But in the 
case of polyprene iodide we were already compelled to double it, and the 
existence of a chlorosulphide with only 9 per cent. of S,Cl, rendered it 
necessary to quintuple it. It should, however, be borne in mind that the 
proof of the homogeneous nature of this chlorosulphide is wanting, so that 
all it proves is that the reacting unit of polyprene cannot be less than 
(Cy pHi 6)5 = CspHgo 3 it leaves it uncertain whether it is not perhaps Cg)Hog 
or some higher multiple of C,)H,,. For this reason I undertook the pre- 
paration of a series of chlorosulphides of the general formula (C,,H,,),S,Cl, 
rising from the above described chlorosulphide (C,H. )),S,Cl, in increments 
of (C,,H4)2=CopHs9. All the experiments were carried out with a 2 per 
cent. solution of very pure polyprene in benzene, to which the sulphur 
monochloride was added, the whole of the calculated: quantity at once, in 
the form of a solution in carbon bisulphide containing 0°01 grm, §,Cl, in 
lc.c. In every case the mixture was left standing for twelve hours, the 
gelatinous chlorosulphide vigorously stirred up in 1000 c.c. of benzene 
and allowed to stand for twelve hours with the colloidal sponge floating 
in it, the mass being from time to time vigorously agitated. Part of the 
benzene solution was then filtered off and shaken up with three times its 
volume of absolute alcohol, so as to precipitate every trace of polyprene 
present. 

The result of this series of experiments is given in the following table, 
embodying, of course, only that part of the series approaching in either 
direction the critical point :— 


Statistical Composition. | Percentage S,Clo. Examination of Benzene Solution. 


Starting term of whole series. 


Cr00H igo: Sols #08 No trace of polyprene in solution. 

C99 H399-8,Cl, 4°72 No trace of polyprene in solution. 

Crop Hg59 Sy Cl, 4°31 Very slight opalescence. 

Copp Haq: SoCly 3°97 Distinct opalescence, but no trace 
of precipitate. 

Copp 416: SoCo 3°67 Faint but distinct precipitate. 

CogoH 44s: Sole 3°42 Very marked, stringy precipitate. 

C99 H4g9-S2Cle 3°20 Copious precipitate. 


These experiments tend to show that the lower limit of the chloro. 
sulphide series is represented by a body, the composition of which is most 
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probably expressed by Cy4)Hss;S,Cl,, and that the reacting unit of poly- 
prene, its molecular weight, must be taken either as CoyHygq OF Cyo9Hyo9, 
according to whether we choose to represent the mechanism of the 
addition of sulphur monochloride to polyprene by 


Cl Cl 
aK POorcotbion 
NS} i ee (Coo Hoe4) or Ss ‘ S< 
Pereothivn 
Cl Cl 


The molecular weight expressed by the first of these diagrams would, 
indeed, be in fair agreement with the result of Guapsrons and HippErt’s 
cyroscopic determination, but this is perhaps hardly a sufficient reason to 
reject the second diagram with a polyprene molecule only one half that of 
the former, as the question of aggregation in colloidal solutions yet remains 
to be decided. 

Incidentally also in this case attention must be drawn to the fact of 
the curious coincidence of the above set forth ‘lower limit’ with what is 
recognised as the best practice in manufacturing—+z.e., a ‘cold cure’ re- 
sulting in a product containing from 3°5 to 4 per cent. of sulphur mono- 
chloride in the india rubber. 

We may now amend our former statement (6) by saying :— 

7. The series of chlorosulphides formed by the interaction of sulphur 
monochloride upon polyprene ranges from a body (C\)HyS,Cly)o.= 
Coo HosgSigClyg as the upper limit, to a body Coy) Ho4.5,Cl, as the lower 
limit. 

The physical behaviour of the above described colloidal polyprene- 
chlorosulphide ‘sponges’ is highly interesting. It was found to depend 
very largely upon the concentration of the solution in which the ‘sponge’ 
has been formed. Thus, in forming a chlorosulphide of exactly identical 
composition in a series of solutions of polyprene varying in concentration, 
we obtain a number of chlorosulphide sponges of identical chemical 
composition, but markedly differing in their behaviour to solvents, and 
also in the strength of the filaments obtainable from them on drying. This 
difference may be stated thus :-— 

8. The greater the dilution of a solution of polyprene, the greater the 
tendency of the chlorosulphide formed therein to break down or disintegrate 
under the influence of the addition of further quantities of the solvent. 

Tt will be found in accordance with this that the lowest terms of the 
series of polyprene chlorosulphides, when formed in 0°5 per cent. solutions 
of polyprene in benzene, form extremely mobile jellies, which can be diluted 
or distended by the addition of fresh quantities of solvent, almost as 
readily as if they were moderately concentrated rubber solutions. More- 
over, in carrying out this experiment with 0-25 per cent. solutions of 
polyprene, no jellies are obtained at all, nor is there even a sensible alteration 
in the viscosity of the solution, although the chlorosulphides are formed as 

1 Phil. Mag., 1889, p. 39. 
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usual—a fact easily demonstrable by their precipitation with absolute 
alcohol and subsequent analysis. 

Exactly similar observations may be made by forming chlorosulphides 
of identical compositions in solutions of polyprene of the same strength, 
but in different solvents. In treating polyprene solutions of equal con- 
centration in different solvents with the same proportion of sulphur mono- 

* chloride, jellies exhibiting surprising differences are obtained, and on 
subsequently drying these jellies, the tenacity of the films obtained from 
the different solutions varies in a remarkable degree. 

That solutions of the same substance, and possessing equal degrees of 
concentration, may vary very considerably in their structure or constitution, 
or in the state of aggregation of the dissolved body, is quite a familiar 
phenomenon in the solutions of crystalloid substances. That it should be 
much more pronounced in colloidal bodies is, therefore, to be expected. 
Bearing this in mind, the above described phenomena become at once 
intelligible in the light of the important conclusion embodied in our pro- 
position (4) on page 95.1 

9. The difference in the physical state of the above described solutions of 
polyprene after their conversion into chlorosulphides 1s determined by the 
difference of the physical conditions of the polyprene itself in different solvents, 
or in the same solvents at different concentrations. 

In this statement will be found the clue to all the most perplexing 
facts observed in the process of vulcanising with sulphur monochloride, and 
even of those at first sight quite unaccountable. 

The indifference of polyprene to sulphur at ordinary temperatures is 
one of the chief causes of the difficulty of practically controlling the 
process, the chief advantage of vulcanisation with sulphur monochloride 
being the promptness of the reaction. ‘ Practical’ workers have made this 
certainly striking difference the basis for some extraordinary conclusions.? 
In reality this difference is no greater than that which we find in the 
behaviour of unsaturated hydrocarbons with sulphur and sulphur mono- 
chloride respectively, and probably less. 

As regards the action of the sulphur upon polyprene, it is perfectly 
obvious that the slowness of its action is due to the fact that sulphur 
vapours do not reach the molecular state at which their reactive energy 
is at its highest until very high temperatures are reached. The sulphur 
molecule assumes its normal density, S,=64, only at temperatures from 
about 700 to 1500° C., as will be seen from the following figures :— 


Bineau, . 714 to 748° C. De 2:7 


: Deville and Troost, . : +9 1+. 860 to 1040" ©: D=2°18 
Bineau, . ‘ : ; . 884 to 1162° C. DeH2°36 
V. Meyer, neeacn 7 Jeealeo0<U, eee 17. 


1 Jn all these experiments the concentration of the solutions is the gramme weight of 
‘substance contained in 100 c.c. of the solvent. 
2 See Gummi Zeitung, 1899, p. 17 (HOHN) ; tbid., p. 247 (MINDER). 
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The calculated density for the S, molecule is D=2'216. The 
vulcanisation temperature of polyprene is necessarily much lower than the 
above temperatures which lie between bright red heat to white heat. 
The highest vulcanising temperature which has ever been proposed and 
used does not exceed 185° C., and in ordinary practice it is rarely more 
than 140° C. But at these temperatures the sulphur molecule is in a 
state of aggregation largely exceeding its normal value of S, = 64. Indeed, 
Busrer and Kouwn! ascertained the following values for temperatures 
below the boiling point of sulphur (440° C.) :— 


Molecular Molecular ¢ 
In the Vapour of Temperature. Weight. Aggregation. 
Diphenylamine, : ‘ 310° C. 237°9 7°43 
Amyl benzoate, ‘ : 262s 240°1 7°50 
Quinoline, s : : 236; 2452 7°66 
Ethyl benzoate, : : yA ie 249°6 7°80 
Dimethylaniline, . ; 193: ,, 251°1 7°34 


These figures leave no doubt that at practical vulcanising temperatures 
the molecule of the sulphur vapour present differs from S, only by an 
extremely minute fraction, and as it has been shown by Beckmann that 
the sulphur in solution consists of S, molecules only, no doubt exists that 
the molecule of melted (colloidal) sulphur is at least of the same order of 
magnitude, not improbably much larger. But as vulcanisation can only 
be effected by sulphur molecules S,, it is obvious that the rate of 
vulcanisation at any given temperature must be determined by the state 
of dissociation of the sulphur at that temperature—z.e., by the relative 
proportions of S, and S, molecules present. At ordinary temperatures 
dissociation is almost nil, hence the fact that sulphur at these temperatures 
cannot vulcanise india rubber, or does so to quite an unappreciable extent 
only. In order, therefore, to induce vulcanisation—the combination of 
sulphur and polyprene—we must increase the state of dissociation of the 
sulphur, This, as the above figures conclusively show, is effected by ' 
higher temperatures, and accordingly we find that at increasingly higher . 
temperatures vulcanisation proceeds at a rapidly increasing rate. 

The necessity for continuing the heating throughout the vulcanising ; 
operation is to be found in the circumstance that the energy consumed in 
the dissociation of Sg into S, molecules is very high, and also that the 
heat of combination of polyprene sulphide is very low. Otherwise we { 
should expect that the vulcanising reaction, once started, would proceed ; 
spontaneously without the further application of extraneous heat. : 

As this point can readily be proved by experiment, I considered it : 
worth while doing so; but as the reaction between polyprene and sulphur ; 
does not lend itself to calorimetrical determinations, the more circuitous 


1 Ber., 1900 [83], p. 50. 
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plan had to be adopted of determining the heat of combustion of polyprene, 
and of a polyprene sulphide of known composition, and to calculate from 
these data the heat of formation of polyprene sulphide. 

The polyprene used in these determinations was obtained by most 
careful purification of specially selected Pard& rubber. The polyprene 
sulphide used was prepared from the same lot of Pard rubber by mixing it, 

*after thorough purification, with 10 per cent. of sulphur, vulcanising it 
immersed in water for two hours at 135° C., extracting all the free sulphur 
with acetone, and subsequently drying the product in a current of carbon 
dioxide at 80° C, The following figures were obtained :— 


Polyprene. 
Calories per Gram Molecular Combus- Calculated for Heat of Formation, 
Water Liquid. tion Heat, C,) Hyg. 100, 0+ 8H.,0. Cyo, Hyg. 
10,6691. 1450 C. 1529 C. 79 C. 
Polyprene Sulphide: 3°8 per cent. S. 
Calories per Gram Molecular Combus- Calculated for 
Water Li ae tion Heat. CHS Heat of Formation. 
Se Mol. =141°37. 1016 0°17" 
10,215? ¢. 1444 C. 1474 C. 80 C. 


It is well known that, owing to the high combustion heat of organic 
substances and their low formation heat, the calculation of the latter in 
the above manner is apt to involve considerable error. These are, however, 
not of such an order of magnitude as to vitiate the above figure for the heat 
of formation of polyprene sulphide for the purpose of our discussion. In- 
deed, this figure amply suffices to demonstrate the above proposition, that 
the heat of formation of polyprene sulphide is low ; and this, together with 
the energy required for the gradual transformation of the S, molecules into 
S, molecules, is sufficient to satisfactorily account for the indifference of 
polyprene to sulphur at ordinary temperatures, as also for the necessity 
of continuous heating during the process of vulcanising at higher 
temperatures. 

It is incidentally interesting to compare the thermochemical data of 
some of the cyclical terpenes with those above given for polyprene, which 
we are regarding as an olefinic compound :— 


Citrene.® 
Calories per Gram. rae Calculated. Heat of Formation. 
10,959 ¢. 1490 2, 1529 C, 39 C. 
Pinene.? 
; Calories per Gram Molecular Combus- Calculated Heat of Formation. 
P : tion Heat. pay : 


10,852 c. 1475 O. 1529 0. 54 ©. 


1 Mean of five determinations. 
2 Mean of three determinations ; S determined as SOg, aq. 
3 FAVRE and SILBERMANN, Ann. chim. phys. (3), 34, 434. 
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Assuming all these figures to be reliable, they reveal the curious fact 
that the heat of formation of these terpenes is much lower than that of 
polyprene. The circumstance that the last named product, on dry 
distillation, is almost quantitatively converted into cycloterpenes, would 
lead one to suppose that these, as stabler forms, would possess a higher 
heat of formation. This, quite apart from the fact that colloidal com- 
pounds are generally assumed to possess a higher energy content—+.e., a 
lower heat of formation—than the corresponding crystalloids. That this, 
at least as a generalisation, is not correct, appears also to follow from the 
observation due to Brerruetor,! that the conversion of soluble amorphous 
(colloidal) sulphur into the rhombic (octahedral) modification is accom- 
panied by a negative temperature reaction of 160 calories per gram- 
molecule. 

The important part played in the vulcanising process by the dissociation 
of the complex sulphur molecules naturally suggests the adoption of means 
favouring this process, either for the purpose of reducing the time or the 
temperature required in practical working. One device of this kind has 
been in’ practical use almost ever since the discovery of the process of 
vulcanisation, and consists in the use of ‘sulphur carriers.’ All substances 
to which this term applies are sulphides of the heavy metals. This state- 
ment might appear to be in opposition to the fact that lead compounds, 
such as litharge, lead carbonate, lead sulphide, lead chloride, lead thio- 
sulphate, antimony oxide, are also able to act as sulphur carriers. But I 
contend that these compounds are capable of this action only owing to 
their more or less rapid conversion into sulphides under the influence of 
the melted sulphur and its vapours. This is strongly supported by the 
fact that the best of the above named sulphur carriers is lead thiosulphate, 
which already at water-bath temperature decomposes into lead sulphate and 
lead sulphide. All metallic sulphides possess a more or less pronounced 
tendency to form polysulphides, the vulcanising action of which has already 
been demonstrated by ,.Grrarp; and the action of these sulphides, or 
sulphur carriers, would appear, therefore, to consist in the acceleration of 
the splitting up of the complex sulphur molecules. No explanation of the 
action of these bodies is to be obtained from the thermochemical data of 
the reactions in question, as the intervention of any intermediate stages 
in the reaction leaves the energy change of the reacting system unaffected. 
It is much more probable that the catalytic action of these sulphur 
carriers rather depends upon the matter of chemical equilibrium, and 
that their presence tends to render it unstable, thus hastening progress 


towards a lower potential, which in this case is represented by polyprene 


sulphide. 

There is, however, another possibility of increasing the state of 
dissociation of the sulphur molecules, which consists in the reduction of 
the pressure under which the reaction (vulcanisation) takes place. We owe 

1 Essai de Mécaniyue Chimique, 1879, i. 558. 
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to H. Brmrz! an exhaustive series of determinations of the density of 
sulphur vapour under reduced pressure at 440° C., which show to what 
a considerable extent the dissociation of the sulphur molecules increases 
under these conditions. I give the results of the observations of the above 
named author in the following table. I have added a third column, 


showing at a glance the mean atomic aggregation the sulphur vapour , 


“bossesses in each case, 


Pressure, ; Pressure,| +. Pressure, | , 
mm. eae Molecule. mm. wee Molecule} mm, eres Molecule. 

Mercury. y: Mercury. y: Mereury.| 7 "SY" 
14:0 4°85 4°37 48°2 7°24 6°52 203 °6 7°84 7°07 
14°4 5°30 4°78 64°2 7°28 6°56 204°2 7°95 7°17 
LG 552 4°96 71°4 Ci 6°46 261°'2 7°85 7°08 
Lord 5°40 4°87 81°6 751 6°77 318°5 8°13 7°33 
20°5 6°08 5°48 82°6 7°58 6°81 326°4 7°87 7°10 
25°6 6:04 5°45 83°0 7°51 6°77 411°5 8°03 7°24 
26°9 6°53 5°89 90°8 7°39 6°66 458°1 8°18 7°38 
31°5 6°37 5°74 95°2 7°41 6°68 4582 8°08 7°29 
31°6 6°27 5°65 = 104°2 7°63 6°88 536°1 7°82 7°05 
39°1 6-60 6°02 [11971 7°86 7°09 539°2 7°89 7°12 
48°1 7 ‘20 6°49 


From these figures it would appear that the dissociation of sulphur 


vapour at constant temperatures increases very considerably under the 
influence of reduced pressures. The suggestion of utilising this fact for 
the quickening of the vulcanisation process naturally occurs ; and inversely, 
the observation of this quickening action would lend powerful support to 
the above pronounced theory of vulcanisation. The technical application 
of this suggestion is, however, out of the question, as it would invariably 
result in the ‘blowing’ of the goods treated. For this reason vulcanisation 
in the vast majority of cases is carried out in presses, or in pans into which 
live steam at from 2°5 to 5 atmospheres (38'to 75 lbs.) is admitted, or in 


steam-jacketed pans charged with compressed air to a pressure up to 10 


atmospheres (150 lbs.). According to the above remarks, we should expect 
the process of vulcanisation to suffer a retardation, owing to the reduced 
rate of dissociation of the sulphur vapour. That this is the case there can 
be no doubt whatever, but this effect can be minimised by raising the 
temperature, and as with rising temperature the rate of progress of the 
vulcanisation increases much more rapidly in proportion to the retarding 
effect due to increased pressure, this latter drawback is not of much 
practical moment. 

7 The views on vulcanisation above set forth also explain at once the 
fact that, in order to effect vulcanisation within a time interval satisfactory 
for practical purposes, we are compelled to employ what is in all cases a 
considerable excess of sulphur over and above the quantity entering into 


1 Ber., 34, 2493. 
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combination with the india rubber. This excess has obviously the effect 
of increasing the total number of dissociated (S,) sulphur molecules 
present, thereby accelerating vulcanisation, which, as is well known to all 
rubber manufacturers, proceeds the quicker, the larger the proportion of 
sulphur employed. The uncombined excess of sulphur remaining after 
vulcanisation in the india rubber does not crystallise on cooling, but re- 


* mains distributed through its mass in extremely small globules. This can’ 


easily be demonstrated by a vulcanisation experiment under the microscope, 
but unfortunately I have found it impossible to produce a satisfactory 
photograph of this experiment. After a certain length of exposure, the 
vulcanised rubber is covered with a fine greyish deposit consisting of 
minute sulphur crystals, which in course of time become, on close 
examination, visible to the naked eye, and are easily seen by examining the 
object with a low-power microscope. In fig. 10 (Plate II.) will be seen a low- 
power photomicrograph of the surface of a piece of drab sheeting, showing 
the splendid crystallisation of sulphur on its surface. This phenomenon is 
technically known as ‘blooming’ or sulphuring up, and is generally sup- 


posed to be due to the sulphur ‘efflorescing’ in some unaccountable way © 


to the surface. The ignorance of the real state of affairs is the reason that 
often the most inadequate means are adopted, or the use of some quack 
preparation, believed to possess some occult virtue, resorted to, to prevent 
this efflorescence. 

In order to clearly understand the nature of this phenomenon, we must 
examine the nature of the above mentioned sulphur globules which are 
present in the india rubber for some time after vulcanisation. On 
examining these globules under the microscope, it will be found that 
they have no action upon polarised light. They are therefore structure- 
less, and do not consist of sulphur in the crystallised state. In time they 
crystallise, and subsequently form centres from which radiate in all 
directions beautiful dendritical crystals of sulphur. 

These facts may be conveniently studied by producing these globules 
outside the india rubber by allowing sulphur vapours to deposit upon a 
micro cover glass. Successful preparations are easily obtained by placing 
in the centre of a small porcelain basin one of the metal rings used for 
making cells for microscopic objects. In the centre of this ring is laid 
a minute crystal or two of sulphur, and a cover glass deposited upon 
the ring. The basin so prepared is placed upon an asbestos sheet 
and heated from underneath with a small flame. An iridescent coating 
of sulphur deposits upon the under side of the cover glass, and an 
examination of this coating at once reveals the fact that this deposit 
consists of small globules of colloidal sulphur. The globules are largest 
in the centre; towards the periphery of the cover glass they gradually 
diminish in size, passing in the outermost regions below the limits of 


microscopic vision, The appearance of this deposit is shown in fig. 11 
(Plate II.). 
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Fic. 10. —Efflorescence upon india rubber goods. 
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Photo-micrograph: Apochrom. Zeiss 16 mm., Projec. Eyep 4. 


Fic. 11.—Globules of superfused (colloidal) sulphur. 


Photo-micrograph : Apochrom. 


Projec. Eyep. 4. x 600. 
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Fig. 12.—Spontaneous crystallisation in deposit of sulphur globules, 
Photo-micrograph : Apochrom, Zeiss 4 mm.. Projec. Eyep. 4. x 600. 


Fig, 13.—Absorption of sulphur globules by sulphur crystal. 
Photo-micrograph ; Apochrom. Zeiss 4 mm,, Projec. Eyep. 4. x 600. 


Charles Griffin & Co,, Ltd. To face p. 111. 
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If the deposit has been produced upon a scrupulously clean cover 
glass, the preparation may be kept unaltered for weeks. Several times 
I succeeded in keeping them for such a length of time that the de- 
posit completely volatilised without undergoing any change. As these 
globules consist of colloidal sulphur, they have no effect upon polarised 
light. 

As a rule, after a few days’ standing crystallisation begins at one point 
or another of these preparations. ‘The first sign is always one or more of 
the globules becoming opaque and distinctly yellow. The crystalline 
structure of these globules is at once shown by the appearance of axial 
crosses on examining them under the micro-polariscope. The surface of 
these crystalline globules in course of time becomes covered with incrusta- 
tions of crystallised sulphur, which often assume comparatively large dimen- 
sions, evidently at the expense of the still colloidal and brilliantly trans- 
parent globules surrounding them (fig. 12, Plate III.), This curious 
phenomenon is undoubtedly due to the vapour tension of colloidal sul- 
phur being much higher than that of crystallised sulphur, so that each 
crystallised globule becomes a centre of low pressure, towards which, 
consequently, the sulphur vapours distil, to condense by crystallising. 
This leads to the gradual consumption of the colloidal globules by the 
crystallised globules surrounding them, those nearest suffering most in 
this respect, so that eventually the crystallised globule becomes sur- 
rounded by a zone of clear glass. All this is very clearly shown by fig. 13 
(Plate ITT.). 

Occasionally the crystalline needles forming upon a crystallised globule 
extend so rapidly as to make contact with one of the colloidal globules. 
The instant this occurs the globule becomes turbid, and almost at the same 
time, but always on the opposite side to that where the contact took place, 
a crop of extremely fine needles appears, and these making similar contact 
with adjacent globules, produce eventually very extraordinary dendritic 
designs consisting of crystallised sulphur. The following rough sketch will 
make the phenomena just described clear :— 


Fic. 14.—Spread of crystallisation from globule to globule in sulphur deposit. 


This phenomenon is not always observable, but I have found that it can 
at any time be produced with perfect ease by securing the cover elass 
carrying the sulphur deposit upon a micro slide, so as to prevent disturb- 
ance of the sulphur deposit by contact with the slide A few drops of 


1 This is easily done by pasting across the slide two narrow strips of gummed paper 
at a distance somewhat less than the diameter of the cover glass. The latter, the 
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alcohol are run between the slide and the cover glass, when within a few 
seconds the above described phenomenon may be observed taking place in 
every direction. Fig. 15 (see Frontispiece) gives an idea of the magnificent 
dendritic designs produced, the development of which is one of the most 
fascinating and interesting sights conceivable. This is, no doubt, a matter 
deserving further careful study from the point of view of molecular physics 
in general.+ 

Incidentally these phenomena enable us to obtain a perfect insight into 
the cause and nature of the ‘sulphuring up’ in rubber goods—a subject 
which up to now has been shrouded in a great deal of mystery. It becomes 
at once clear that if we adopt means to start the crystallisation of the 
minute globules of sulphur distributed throughout the mass of the india 
rubber, in the inner parts of the latter no ‘sulphuring up’ can take place. 
As a matter of fact, the vapours of the colloidal sulphur globules 
lodging on the surface will actually travel into the rubber substance 
to crystallise there. But, on the other hand, should crystallisation 
begin upon the surface, the sulphur will pass from the colloidal globules 
in the inside to the surface, and produce there a frequently quite 
prodigious crystallisation, which is as a rule looked upon with extreme 
disfavour.? 

In ebonite the trouble of ‘sulphuring up’ is unknown. This, in the 
light of the above, must appear as rather surprising, seeing that even high 
grades of ebonite rarely contain less than 15 per cent. of free sulphur, and 
often up to 60 or 70 per cent. We must therefore assume that ebonite 
represents a solid colloidal solution of the colloidal polyprene sulphide 
C,)H,,S in colloidal sulphur. Nor is this assumption without experimental 
support. Indeed, the fact that ebonite under the microscope presents the 
appearance, as shown in fig. 8, of a homogeneous mass, although it con- 
tains always a large amount of free sulphur, appears to me capable of no 
other explanation. 

The process of vulcanising with sulphur monochloride is, of course, 
characterised by the fact that it takes place at ordinary temperatures. 
Indeed, so energetic is the reaction in this case, that in employing this 
process, and in order to render it controllable, the sulphur monochloride 
must be used in a state of considerable dilution. These facts have been 
just as much misunderstood as those in reference to the process of 
vulcanising with sulphur. 

At first sight it might appear strange that a compound of sulphur should 


sulphur covered face downwards, is then placed upon the slide so that it rests upon these 
strips, upon which it is secured with two similar strips. 

1 To those interested in molecular physics, Birscuui’s Microstruktwren des erstarrten 
Schwefels, Leipzig, 1900, may be strongly recommended, 

2 T have obtained similar deposits of colloidal selenium forming magnificent, highly 
transparent, irregularly shaped (not globular) ruby beads. These do not exhibit any of 
the above described phenomena—in fact, some preparations made over eighteen months 
ago have been preserved, and show, so far, no tendency at all to erystallise. 
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be such an enormously more active vulcanising agent than free sulphur 
itself. If polyprene and sulphur monochloride united in the vulcanising 
process in the manner in which the components of a double salt unite, this 
would at once render the process intelligible, but this is not the case. The 
chemical behaviour of the polyprene chlorosulphide clearly shows that the 
chlorine and sulphur of the monochloride separate and pass to different 
parts of the polyprene molecule. Now the formation of sulphur mono- 
chloride is expressed by the equation : 


(1) S. Cl, = 8,Cl, + 14257 cal., 
and therefore its combination with polyprene involves the inverse reaction : 
(2) 8,Cl, = S. 3 Cl, — 14257 cal., 


or, in other words, it requires the expenditure of a considerable amount of 
energy. 

It will be remembered that in discussing above the chemical indifference 
of polyprene to free sulphur at ordinary temperatures, I pointed to the 
fact that the dissociation of S, into 8, molecules would require a consider- 
able expenditure of energy, and that, moreover, the heat of formation of 
polyprene sulphide was probably very small—an assumption fully sustained 
by the result of the determination of that constant. It might seem, there- 
fore, as if the circumstances were exactly the same in the case of vulcanising 
with sulphur monochloride. This is of course true, as far as the necessity, 
just pointed out, of splitting up of the S,Cl, molecule is concerned; nor 
can the ‘heat-toning,’ due to the combination of the sulphur of the latter, 
amount to any more than in the former example. 

The explanation of the energetic reaction between polyprene and sulphur 
monochloride is obviously to be found in the circumstance that besides the 
vulcanising action—the combination of S, with polyprene—there is a 
secondary reaction simultaneously taking place—the combination of Cl, 
with polyprene (addition)—and this whole process must be represented by 
the equation : 


(3) — (CypHag)n + SeClo = (CipHig)nSoClo — 14257 cal. + (14257 + 2) cal., 


or, in other words, vhe energy absorption due to the decomposition of 8,Cl, 
into S, and Cl, must be very greatly exceeded by the ‘heat-toning’ of 
that phase of the reaction expressible as 


(4) (CyoHig)n + Cle = (CyoHig)nCle, 


1.e., by the formation of a chlorinated addition product.! 
Now, for the final proof of the above we would require to know the 
formation heat of the body (C,)H,,),Cl,. This constant I have not been 


1 Of course I do not mean by this that a polyprene chloride and a sulphide form 
side by side as separate bodies, The above only refers to the two phases in which the 
chlorosulphide is formed. ; 
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able to ascertain, for the simple reason that the body in question has, so 
far, not been obtained. Chlorine acts upon even very dilute solutions of 
polyprene with such violence as to lead immediately to the body C,)H,,Cl, 
(see page 31). The energy liberated in this reaction is so considerable, that 
in working with a 2 per cent. solution of polyprene in chloroform the latter 
soon begins to boil. This fact in itself is almost sufficient to prove the 
above conclusion—namely, that the energy with which sulphur monochloride 
combines with polyprene is due to the very considerable heat-toning ac- 
companying the combination of chlorine with polyprene. The sulphur 
thereby liberated appears in what we have recognised as the most active 
form of §,, the simultaneous combination of which with the polyprene 
produces a further addition to the total heat evolved. 

Quite in accordance with the foregoing is the fact that the action of 
sulphur monobromide upon india rubber is very much slower than that 
of the monochloride. Sulphur iodide is practically without action at 
ordinary temperatures. The reason is evidently that the formation heat 
of polyprene bromide is a fraction only of that of the chloride, and the 
heat-toning due to the combination of iodine with polyprene is almost 
imperceptible. | 

The theory of the action of sulphur monochloride upon polyprene, 
given above, furnishes, moreover, an explanation of why such bodies as 
thionyl chloride SOCI,, or sulphuryl chloride SO,Cl,,1 which, from the 
similarity of their structure or constitution with that of sulphur mono- 
chloride, would be expected to react in a similar manner with polyprene, 
forming a new type of ‘ vulcanised’ india rubber, have, as a matter of fact, 
not the slightest effect upon it. The explanation is as follows :—Equation 
(3) above contains the term (14257 +2),, which represents the heat-toning 
due to the combination of Cl, with polyprene. I have given it that 
particular form merely to denote that this amount is x cals. larger than 
the energy absorption due to the splitting up of S,Cl, into S, and Cl,, 
and very little consideration will show that by the introduction into the 
equation (3) of either thionyl chloride or sulphuryl chloride, this term 
(14257+) would remain quite unaffected. The formation heat of 
thionyl chloride is + 40,800 cals., that of sulphuryl chloride 82,540 cals. 


Inserting these values in equation (3), we would obtain respectively for 
thionyl chloride : 


(5) — (CyoHag)n + SOCly = (CypHy)nSOCl, — 40800 cal. + (14257 + a) cal., 
and for sulphuryl] chloride: 
(6) (CyoHig)n + SO,Cl, = (Cj 9H g)nSOCI, — 82540 cal. + (14257 + x) cal, 


These two reactions to maintain the exothermic character of equation 
(3) would therefore require an enormous heat-toning for the combination 
C,)H,,Cl,; and although this is considerable, approximate thermometrical 


1 Not to mention the large number of organic and inorganic acid chlorides, 


MPF 


THE CHEMISTRY OF INDIA RUBBER. ITs 


‘observations of the reaction according to equation (3) leave no doubt that 
it is much too small to render equations (5) and (6) exothermic. Hence 
the reactions assumed in them do not take place at all. 

Inversely, there is hardly any doubt that if we could find compounds of 
the above named type of a formation heat approximately equal to, or lower 
than, that of sulphur monochloride, we could obtain by means of them a 
reaction analogous to that expressed in equation (3). Such a compound 
would represent a new vulcanising agent, the discovery of which would not 
only be of great theoretical interest, but most likely also of considerable 
technical value. 


CHAPTER II. 


EXAMINATION AND VALUATION OF INDIA RUBBER AND 
GUTTA PERCHA. 


WHETHER we examine india rubber or gutta percha, the first consideration 
is obviously how much of the pure hydrocarbon (C,)H,,), a given sample 
contains. Upon this point depends very largely the value of the sample, 
and also, though in a less degree, its suitability for a given purpose. 
Since, however, the pure hydrocarbons contained in the different brands 
of india rubber are neither physically nor chemically identical, it is 
evident that they cannot be technically equivalent. This fact is, as the 
result of technical experience, clearly expressed in the scale of prices of 
the different brands of india rubber, which is not so much an indication of 
the relative purity of these brands, as of their manufacturing value based 
upon their properties and applicability. 

The systematic examination and valuation of india rubber is at present 
very little practised otherwise than by estimation of the ‘loss on washing,’ 
and it certainly must be admitted that under the conditions under which, 
at the present time, india rubber is bought and sold, the result of such an 
examination could not influence the price paid, which is determined chiefly 
’ by the state of the market, and accepted or refused by the buyer upon the 
strength of a cursory empirical examination of samples which are often 
submitted ‘bulk not guaranteed.’ Under these circumstances the prices 
paid for different lots of the same brand of india rubber, supposed to be 
of identical quality, often show the most absurd variations when calculated 
upon the yield of washed product, and after deducting from this the 
estimated percentage of resinous matter it invariably contains. These 
variations are, of course, greatest in medium and low class rubbers. 

This state of affairs is highly anomalous. It could not be said to be 
due to the conditions under which crude rubber is collected, nor could it 
be considered to be a deliberate creation of the rubber broker. Indeed, 
there is little doubt that it is simply an old custom perpetuated by the 
conservatism, not to say indolence, of the rubber manufacturer, who, as a 
class, has done next to nothing to bring to bear upon the development of 
his industry that line of scientific enquiry—chemistry—which has done 
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more for the industrial development of this century than any other branch 
of human knowledge. Pig iron, caustic soda, wood pulp, and scores of 
Similar articles, costing, comparatively speaking, a few shillings per ton, 
are bought and sold on the basis of strict analytical standards ; but india 
rubber, costing from £150 to £500 per ton, changes hands without either 
buyer or seller having more than a vague knowledge of its intrinsic 
value. 

But even more important is the systematic analytical control of the 
crude rubber before it enters into the manufacturing process. This 
applies more particularly to the amount of what, in the absence of more 
definite knowledge, is described as ‘oily and resinous matter’ contained 
in the washed rubber. The substances falling under this head exert a 
very marked influence upon the behaviour of the rubber in working, and 
also, as might be expected, upon the properties and quality of the manu- 
factured article. As already stated, the amount of these impurities, which 
is slight in fine Parad, varies often rather considerably in medium and low 
grade rubbers; and uniformity in the manufactured article, the lack of 
which is so frequent a cause of trouble, cannot be expected if the most 
elementary precautions to attain it are neglected. 

The most important points in the examination and valuation of crude 
rubber are :— 


(a) Loss on washing. 

(6) Oily and resinous matters. 

(c) Percentage of oxygen combined with rubber. 
(d@) Ash. 


The loss on washing can only be estimated in the factory by determin- 
ing the yield of dry washed rubber obtained from an ascertained bulk of 
crude rubber. ‘This loss consists of water, salts, wood, fibres, and mineral 
impurities. Of the nature of the oily and resinous substances nothing 
definite is known. The oily substances always form a very small part only 
of the total extract. The resinous substances generally form semi- 
transparent, yellowish-brown or brown substances, which in some cases 
are semi-resilient and slightly sticky, in other cases hard and brittle, and 
in a few cases represent white powders in appearance greatly resembling 
the albane extracted from gutta percha. This kind of resin, which is very 
difficultly soluble in all solvents hot and cold, occurs chiefly in African 
rubbers, most plentifully in Sierra Leone. Its composition is expressed by 
the formula C,)H,,0,. 

The estimation of these oily and resinous constituents is best carried out 
by drying a piece of the washed rubber either in vacuo or in a current of 
carbonic acid, and extracting from 5 to 10 grms. of the sample in a Soxhlet 
extractor by means of acetone.1 The extraction should be continued for 

1 In some cases it may be found preferable to perform the extraction by means of 


glacial acetic acid, owing to the presence in a few cases, notably Sierra Leone, of resins 
which in acetone are scarcely soluble at all. 
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from six to ten hours. After distilling off the acetone, the flask with the 
extract is for about twenty minutes placed in a drying oven at 100° C. 
An air current is then blown through the flask while still hot to expel the 
last traces of acetone and water vapour, and finally the flask and its 
contents are weighed. The amount of extract thus found should be cal- 
culated upon the washed, and not upon the crude, rubber. 

It is at the present time often assumed that the percentage of resinous 
matter in india rubber may be taken as an indication of the care bestowed 
upon its collection, coagulation, and preparation for the market in general. 
I have, however, satisfied myself that this view is not correct. A number 
of samples of different kinds of india rubber milk, which I had the oppor- 
tunity to examine, showed that these resinous matters already exist in the 
milk as it flows from the trees, and much in the same proportion to the 
rubber present which we find in the corresponding commercial rubbers. 
Of course, the very fact of the existence of Spiller’s resin, which body is 
certainly an oxidation product of the rubber itself, would seem to suggest 
and support the above mentioned view ; but I am of opinion that the pro- 
portion of resinous matters in crude rubber due to this cause is in all but 
very exceptional cases extremely small. My reason for this statement lies 
in the fact that there must be quite a number of intermediary oxidation 
stages between india rubber and Spiller’s resin, so that commercial india 
rubber containing throughout its mass a certain proportion of Spiller’s 
resin would almost certainly exhibit such a high degree of general oxidation 
as to possess the properties of a more or less resilient resin rather than 
those of india rubber. It might perhaps appear that the above views 
scarcely offer an explanation of the variation of the amount of resin in the 
same description of india rubber—a variation which is often not inconsider- 
able, especially in medium and low grades. I am inclined to ascribe this 
variation, as far as it is bond fide, either to the condition or the age of the 
tree from which the latex is obtained, or to the very common indiscriminate 
mixing of the milks or products of good and of indifferent quality ; but there 
is no doubt that not infrequently it may be due to deliberate adulteration 
practised by the collectors. The sometimes very striking qualitative varia- 
tion of the resinous extract points rather strongly, I think, to the latter 
cause. It is, however, highly desirable that this question should be studied 
in a systematic manner in the various rubber districts. 

The rubber, freed from oily and resinous matters by extraction with 
acetone, is by no means the pure hydrocarbon, but contains invariably a 
certain amount of oxygen derivatives of the general formula (C,>H,,),Om 
From the very composition of these products I am inclined to consider 
them as true oxidation products (by addition) of india rubber, and I further 
hold that the amount of such oxygen found in india rubber is a good indi- 
cation of its quality from the point of view of its collection and preparation 
for the market, also of its condition after shipping and storing. 

The estimation of this oxygen is, of course, carried out by combustion, 
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the rubber obtained after extraction with acetone and drying in an atmos- 
phere of hydrogen or carbonic acid being used for this purpose. At the 
end of the combustion, the weight of the ash remaining in the porcelain or 
platinum boat must be ascertained, and deducted from the weight of the 
substance used for combustion, before calculating the percentages of carbon 
and hydrogen in the sample. The amount of ash thus found might be 
supposed to represent the total amount of ash present in the washed rubber, 
but this is only true as an approximation. It may be taken as practically 
correct for all those brands of india rubber containing not more than about 
4 per cent. of resin. In rubbers in which this quantity is exceeded, a certain 
proportion of mineral matters invariably passes into the extract—this the 
more, the higher the proportion of resin present. For practical purposes 
the amount of ash found in the boat after combustion is sufficiently 
near the truth; if greater accuracy is desired, it should be estimated in 
the washed rubber, before extraction, by incinerating in a platinum 
capsule. 

The following tables show the mean values for the loss on washing, oily 
and resinous matters, oxygen, and ash of a number of different brands of 
india rubber. 


Loss on Oils and 
Trade Name. Washing. aaa. Oxygen. Ash 
Io fo ho ho 
Para, hard cure, . : : 15 2 162 0°5 
EMBOLI <35 3077 . : 17 2° 1°4 0°3 
Negro Head, . 5 : 32 gall as 1°4 
Matto-Grosso, . : : 26 2:5, oa yi 
Peruvian Ball, . ; P 22 3°6 ae 1°4 
Cameta; -°. : B : 26 2°2 os Ane 
Ceara (Manicoba) ‘ : 32 2°0 5°4 2°74 
Mangabeira, : 2 : 34 6°3 1°5 ibe 
Nicaragua Scrap, : ‘ 31 5°9 6°9 5:3 
Gambia, . ; : ’ 28 7°4 ame 2°4 
Gaboon, . : : : 28 ne at v9 
Manoh Twist, . - ; 25 7°4 4°4 0°7 
Lagos, ; ° 3 ; 22 4°8 2°3 0°5 
Congo Ball, : : : 28 8-0 4°0 0°8 
Sierra Leone, red, : , 26 Ane 2°3 1°5 
ay white, . . 23 sf 2°1 21 
Lopori, F F : ; 12 2°8 3°9 ae 
Kassai, red, : . ; 8 3°8 5b ti 
Ce ee rr 10 40 52 2°3 
Angola, black, . ; : 26 es ae ie 
Mozambique, . . ; 16 Bvt 7°2 nis 
Madagascar, pinky, . : 20 8°4 4°2 1°8 
a black) “:. : 20 8°8 iy 2°0 
Assam Slabs, . , : 24 13°7 1°4 4°3 
Borneo, . . , : 48 22 2°53 2°2 
Rangoon, . ; ; i aT 11:0 7°4 4°9 


It should be clearly understood that the percentages figuring in the 
different columns of these tables are not all calculated: upon the crude 
rubber. Indeed, this is only the case for the ‘loss on washing.’ The oils 
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and resins are calculated upon the washed rubber, the oxygen and the ash 
upon, the washed and extracted rubber. 

The ‘loss on washing’ of a given brand of india rubber can hardly be 
looked upon as an indication of its intrinsic quality. Its importance lies, of 
course, in the fact that its amount proportionately influences the price of 
the rubber in its manufacturing condition, Nor is the amount of ash 
found in a sample of india rubber a matter of much moment from the 
technological point of view, although its estimation from time to time 
serves as a useful check of the efficiency of the washing operation in the 
factory. On the other hand, the percentage of oils and resins in a given 
sample of india rubber has an important bearing upon its behaviour in 
manufacturing, and upon the quality of the manufactured goods. Generally 
speaking, a rubber will prove the ‘softer’ in working, the higher the per- 
centage of oily and resinous matter it contains. This is roughly true for 
rubbers from all sources, and absolutely true for different lots of the 
same brand. The effect of these oils and resins is therefore invariably to 
facilitate the compounding and the mechanical working of the rubber in 
general, and for this reason their presence in rubber would not appear to 
be objectionable, but only becomes so in those rubbers in which the amount 
of these resins is liable to vary between wide limits. The objection in the 
latter case rests upon the fact that the resins exert a very distinct retarding 
effect upon the vulcanisation, and tend to produce ‘shortness’ in the 
manufactured article. The technological effect of the oxygen in the india 
rubber seems to have been altogether overlooked up to now. Its retarding 
effect upon the vulcanisation process is quite remarkable, and likewise the 
considerable reduction of the elasticity of the manufactured article. 

A careful consideration of the above points enables us to judge in a 
very satisfactory manner the relative commercial value of a given sample 
of india rubber in reference to a standard sample of the same brand. To 
a certain point these determinations will also enable us to compare two 
samples of different brands of india rubber, but it should be well under- 
stood that they are entirely inadequate for the estimation of the intrinsic 
value of the pure rubber contained in one brand, as compared with the 
value of the pure rubber contained in another different brand of india 
rubber. We have seen that all the different brands of india rubber 
contain as chief part the same hydrocarbon (see page 11) C,,H,,, but it 
is, on the face of it, most improbable that this similarity should extend 
beyond the empirical formula. We possess no chemical evidence at the 
present time of any structural chemical difference between the india rubber 
hydrocarbons of different brands of commercial india rubber, but it is an 
absolute certainty, well known to every manufacturer, that the different 
brands of india rubber vary considerably in their behaviour under manu- 
facturing conditions. Thus, we distinguish between quick and slow 
vulcanising rubbers ; we know from experience that certain brands of rubber 
form satisfactory products if wulcanised with chloride of sulphur, others do 
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not admit of this kind of vulcanisation. There are ranges of india rubber 
which experience has proved to be particularly suitable for rubber shoes, 
others for elastic thread, others for waterproofing, and again, others for the 
manufacture of ebonite. 

Making full allowance for this fact that the india rubber manufacturer 
is practically only interested in the physical property, and takes only the 

* slightest cognisance, if any, of the chemical side of his manufacture, it is, 

nevertheless, remarkable that no reaction is known at present which would 
allow us to differentiate any of the india rubber hydrocarbons from all the 
others. 

The following synoptical tables, comprising all important brands of 
india rubber, their geographical and botanical origin, general appearance, 
technical and analytical constants, will be found useful for reference. 
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OHAPTER III. 
EXAMINATION OF INDIA RUBBER SUBSTITUTES. 
(A.) Reclaimed or Recovered India Rubber. 


Or late years the use of reclaimed or recovered india rubber, and, as a 
natural consequence, the manufacture of this article, has assumed very 
large proportions indeed. The raw material is always either factory scraps 
and cuttings, or old and worn-out rubber articles of every description. 
Generally speaking, the recovery consists in such a treatment as to 
restore to the india rubber contained in those scraps and old articles its 
original plasticity and solubility in the technically used solvents, together 
with its capability of vulcanisation. It is generally considered that the 
last named requirement is the most difficult to attain, the current idea 
evidently being that this desirable result has the more or less complete 
devulcanisation of the waste rubber as its necessary condition. But it is 
easily shown that the capability of recovered india rubber to vulcanise is 
necessarily consequent upon the restoration of plasticity in the vulcanised 
india rubber. As we have seen in the discussion of the vulcanisation 
problem, the amount of sulphur entering into actual combination with 
india rubber is not limited to the small proportion of combined sulphur 
found in ordinary india rubber articles, a proportion rarely exceeding 
3 per cent. Vulcanised india rubber, as far as the process of vulcanisation 
can be chemically interpreted at the present time, is an addition pro- 
duct of the unsaturated polyprene molecule and sulphur. But this 
addition product is still a highly unsaturated body—so much so, that 
out of thirty individual ethylene bonds in vulcanised india rubber, on 
an average, and under ordinary circumstances, not more than two 
can have become saturated by sulphur addition. This holds true, 
1 This calculation is based on the consideration that, according to Gladstone and 


Hibbert, india rubber for each C,)H,, complex contains three ethylene bonds, and 
further, that the process of sulphur addition to the india rubber must take the form of 
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In the first case, for the formation of a vulcanisation product containing about 2°5 per 
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whatever may eventually be found to be the size of the india rubber 
molecule. 

Now, it is well known that vulcanisation products, with any amount 
of combined sulphur up to, and most probably exceeding, 20 per cent., 
may be produced under suitable conditions ; and, from the composition of 
the addition products polyprene forms with bromine or with sulphur mono- 
chloride, we may infer that at least twenty out of the thirty ethylene bonds 
occurring in any given complex of india rubber molecules can simultane- 
ously enter into the process of forming an addition product. Consequently 
there is no theoretical objection to a true ‘revulcanisation’ of vulcanised 
india rubber if we succeed in removing the physical effects of the original 
vulcanisation—in other words, if we restore to the vulcanised india rubber 
the plasticity which characterises it in its primitive condition. In the 
process of revulcanisation, some of those ethylene bonds which remained 
intact in the first vulcanisation then come into play and take up the 
sulphur present. This process of recovery and revulcanisation can, 
moreover, be repeated as long as the recovered india rubber contains any 
free ethylene bonds, although there is no doubt that the quality of the 
india rubber deteriorates rapidly with each successive revulcanisation. 
This is only what is to be expected, considering that with each successive 
vulcanisation we obtain a product, the composition and constitution of 
which exhibits an increasing difference from the composition and con- 
stitution of the primary vulcanisation product. For whereas the latter 
is a very highly unsaturated body, with, at the outside, 3 per cent. of 
sulphur, each successive revulcanisation increases the constitutional 
saturation, and likewise the percentage of combined sulphur in the product, 
This, in my opinion, sufficiently explains the fact of the already alluded 
to deterioration of the product with each revulcanisation—a fact which is 
certainly no more surprising than the extraordinary change of properties 
following upon the successive saturation of radicals in the benzene 
ring. 

In the above it is, of course, taken for granted that the sulphur of 
vulcanisation, the combined sulphur, is not removed in the process of 
recovery. I am well aware that this assumption is not shared by the 
manufacturers, who expressly declare their recovered india rubber to be 
‘devulcanised’ or ‘desulphurised.’ This declaration is, no doubt, made on 
the strength of the fact that recovered rubber can be revulcanised, the idea 
being that to produce this result is only possible by removing the chemical 
cause of the first vulcanisation. Analysis of any sample of recovered india 
rubber will, however, at once show this conclusion to be erroneous, a8 in 
no case is the combined sulphur found to have been eliminated, although 
most processes, patented or otherwise, for the recovery of india rubber aim 
at this result. It will, indeed, be generally found that the apparently most 


cent. of S, 10C,,H,, containing thirty ethylene bonds would combine with 1S ; in the 
second case, 20C,,H,, with 28. 
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promising of these processes are just those that fail most conspicuously to 
yield a satisfactory product. The most satisfactory processes are invariably 
those in which no‘account is taken, chemically, of the combined sulphur, 
but where such means and agencies are employed as have been found to 
result merely in the restoration of the original plasticity of the india 
rubber. 

Analysis of a number of representative commercial brands of recovered 
india rubber, and some others that I prepared myself, gave the following 
figures :— 


I II III IV. Vv VI 
Moisture, 4 ; "50 81 ‘32 ee “14 ne 
Oils and resins, ; 10°23 10°62 9°85 18°53 19°44 19°04 
Fe,O,; and Al,O,, -. weft 1°01 88 “79 38 19 
PbO, : 5 5 14°20 ae 15°30 ae <0 rh 
PbSO,, 3°29 18°88 10°81 sae 
ZnO, 5 23°89 21°03 
CaCO,, 10°41 5: 
CaSO, 21°93 | 26:20 | 22°77 
BaSO,, a 20°85 
Carbon, ; 7°54 8°27 8°49 ae SHE Pr 
S free, . ; : 88 *62 61 20 "15 trace 
S combined, . : 3°92 2°46 2°71 4°84 4°16 2°28 
I. R. substitute, : _ ee me se Se 9°26 
India rubber, . A 26°32 31°12 28°25 75°63 50°83 27°34 
Price perlb., . : 54d. 114d. 1/5$d. i mS ces 


These figures, to begin with, show that in the recovered india rubber of 
commerce the price bears no relation to the quantity of india rubber actually 
present. It may be, and certainly is, influenced by the quality of the india 
rubber present, which is a point respecting which we are unable, at any rate 
at present, to give an account in our analyses. But it is, perhaps worth 
pointing out that in the above commercial samples (I. to III.) the price 
rises in a ratio which cannot possibly represent the ratios of the values of 
the original india rubbers contained in the scrap from which respectively 
these three qualities of recovered india rubber were obtained. Likewise 
these analyses show that commercial recovered india rubber is loaded with 
a very considerable amount of mineral matter. Sample III. is considered 
a very high class article of its kind, but it contains as much mineral matter 
as sample I., which is sold as a low quality. As to the advantage to the 
manufacturer of this commercial recovered india rubber, a simple calcula- 
tion of the price of 1 lb. of india rubber in those samples will be found 
highly instructive. 

From the chemical point of view, the respective figures for free sulphur, 
combined sulphur, and india rubber first attract attention, especially if we 
calculate in every case the percentage of the two first named items in rela- 
tion to the india rubber. We then obtain :— 
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is LL III. IV. Va VI. 
S free, . : : 3°34 1°99 2°15 26 29 va 
S combined, : 14°89 7°90 9°59 6°38 8°17 8°33 
India rubber, . - | 100°00 100°00 100°00 100°00 100°00 100°00 


What strikes one very forcibly in these figures is the enormous propor- 
tion of sulphur of vulcanisation which in every case far exceeds the propor- 
tion ever occurring in any commercial vulcanised india rubber manufactured 
from india rubber in its native state. The first three samples of commercial 
recovered india rubber are particularly remarkable in this respect, as, to 
to begin with, the total sulphur (free+combined) they contain is, in the 
case of I., about double the usual amount, and, even in the case of II. and 
III., either close to or distinctly above the highest limit, which is about 10 
per cent. The samples IV. to VI. show an amount of total sulphur which 
is well within the practically adopted limit, but, nevertheless, even in these 
three samples the amount of combined sulphur is extraordinarily high, 
showing percentages which in ordinary vulcanisation are never obtained, 
and perhaps even not obtainable. 

For the elucidation of this surprising fact, as far as the samples I. to 
III. are concerned, we have no available data. As regards the samples IV. 
to VI., these were ‘recovered’ from vulcanised india rubber (Para), which 
before recovery showed, on analysis, the following ratios between sulphur 
and india rubber :— 


sSNA, Ve VI. 
Sfree, . ‘ : 4°88 6°49 6°42 
Scombined, . ; 219 2°30 B47 
India rubber, . LOO OO 100°00 100°00 


To begin with, we see from these figures that in the recovery process the 
percentage of total sulphur is decreased, partly, as will be shown later on, 
through some of the sulphur volatilising as such, partly through the evolu- 
tion of sulphuretted hydrogen. But still more important is the fact that 
these figures show very clearly that the bulk of the free sulphur present 
enters into combination with the india rubber, so that the recovery process 
not only effects no devulcanisation, but actually results in a higher degree 
of vulcanisation of the already vuleanised india rubber. This at once shows 
conclusively that the efficiency of the recovery process depends entirely 
upon the solvent or softening actions of the oils or hydrocarbons, which, as 
far as my experience goes, are at present invariably employed in all india 
rubber recovery processes. It is also obvious that the great inferiority 
of even the best recovered india rubber to the native article is due to this 
further vulcanisation during the process of recovery. 


134 INDIA RUBBER AND ITS ANALYSIS. 


It would be exceedingly interesting to examine the effect of this 
recovery upon an india rubber article largely or entirely composed of once 
recovered india rubber. It is almost certain that such successive recoveries 
will result in a progressive increase of the combined sulphur of vulcanisa- 
tion, and a consequent rapid deterioration in value of the recovered 
product ; and I suggest that this theory might be found to account for the 
enormous percentages of combined sulphur in the above samples I. to III. 
Whether such successive recoveries, independent of the quality of the 
recovered product, can be effected a number of times, leading eventually to 
a saturated polyprene polysulphide, or whether there is a limit to this 
number, and by what that limit is determined, cannot at present, in the 
absence of all experimental data, be decided. There can be, however, no 
doubt that the recovery processes at present conducted must, after a few 
repetitions, yield products no longer suitable for manufacturing purposes, 

Information as to the actual recovery processes employed is very scarce, 
the methods employed being kept jealously secret. From this it should 
not be inferred that these processes are of any particular merit—indeed, the 
analysis of any sample of commercial recovered india rubber amply proves 
them to be of a highly primitive and empirical description. The fact 
that every sample of recovered india rubber contains from 8 per cent. 
upwards of mineral oils, sometimes even fatty oils, or a mixture of the two, 
shows that the recovery process, generally speaking, consists in treating 
the vulcanised india rubber with oil under certain conditions. The oils 
I have so far found in samples of recovered india rubber are either 
ordinary mineral oils, such as vaseline oil, petroleum jelly, or rosin oil; or 
vegetable and fatty oils, such as castor oil or colza oil. Experiment shows 
that the action of any of these oils upon vulcanised india rubber at 
ordinary temperatures is extremely slow, but quickens as the temperature 
rises. The best results appear to be obtained at temperatures lying below 
the upper limit of the range of temperatures at which vulcanisation is 
carried out. The heat may be applied to the mixture of vulcanised india 
rubber and oil, either externally, or by treating the mixture in closed 
vessels with superheated steam at the requisite temperature, or the two 
modes of heating may be combined. The latter is most probably the way 
by which the best results are obtained. 

This recovery process can scarcely be expected to effect devulcanisation 
of the vulcanised india rubber, and, indeed, as I have shown above, it 
actually does just the reverse. Of processes devised to accomplish de- 
vulcanisation, as distinguished from mere recovery as above outlined, 
only two or three have been proposed. The first is due to A. F. B. 
Gorness (Germ. Pat., 62,738/1892), and consists in the treatment of the 
vulcanised substance first with iron filings and dilute sulphuric acid, 
followed by treatment with some alkaline solution. The less said about 
this process the better. Another process proposed by MicHetin & Co. 
(Germ. Pat., 75,063/1894) looks more rational. It is based upon the well- 
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known affinity of finely subdivided metals, such as copper, tin, lead, 
mercury, and others, for sulphur. It is proposed to mix these metals 
intimately with the india rubber to be devulcanised, then to treat this 
mixture with an indifferent india rubber solvent, such as benzene, toluene, 
chloroform, or carbon bisulphide. It is stated that under these conditions 
devulcanisation takes place, the regenerated india rubber passing into 
solution. Very similar to this is Grrpur’s Patent (Eng. Pat., 19,284/1893), 
according to which the vulcanised india rubber, containing from 5 to 8 
per cent. of sulphur, is treated, under a pressure of three or four at- 
mospheres, and with constant agitation, with three and a half times its 
weight of toluene and one fourth its weight of tin, or any other sulphide 
forming metal. The heating is continued for eight hours, when the resulting 
solution is poured off and allowed to settle. 

It is hardly probable that any of these processes will answer its 
purpose: certainly not, unless the combined sulphur in vulcanised india 
rubber proves to be far more active than we know it to be in other organic 
sulphides—an assumption not warranted by facts. 

There is, however, yet another kind of recovered india rubber in the 
market, mention of which should not be omitted. This is the india rubber 
recovered from the cuttings of waterproof cloth vulcanised by the cold 
process (ParKr’s). In this case the aim is to free the cuttings from all 
textile materials. The remaining india rubber scraps represent only semi- 
vulcanised india rubber, owing to the cold vulcanising process leaving the 
deeper layers or coats of india rubber on the cloth almost untouched, and 
consequently these scraps can again be worked up into coherent masses 
between hot rollers. This kind of recovered india rubber, of course, still 
contains the chlorine derived from the sulphur monochloride, and con- 
sequently it cannot be used for ‘dry heat’ mixings, but should again be 
used for the manufacture of ‘cold cured’ articles. 

A great number of purely empirical processes for the recovery of india 
rubber—that is, processes not based upon a well-understood chemical 
reaction—have been suggested and patented. None of them solves the 
question of devulcanising the india rubber. At most, an attempt has 
been made to remove the free sulphur by boiling the ground scraps with 
aqueous solutions of alkalies or alkaline carbonates, It is scarcely 
doubtful that, with a view to ultimate devulcanisation, the removal of the 
free sulphur is of great importance, and this is also easily and cheaply 
accomplishable; but the attempt to effect final devulcanisation by treat- 
ment of this partly desulphurised india rubber with ordinary rubber 
solvents is certainly inadequate. What is evidently required is a treat- 
ment with reducing agents, and from that point of view some of the above 
quoted patents, employing metals in the molecular state, appear rational. 
Experiments I made in this direction gave, however, most discouraging 
results. Nevertheless, further research on these lines should be made. It 
must be borne in mind that the conditions of these reduction experiments, 
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in which, as long as metallic powders are employed as reducing agents, 
both the reducing agent and the body to be reduced are present and 
remain throughout the process in the solid state, are not very conducive 
to success. The vulcanised india rubber being unavoidably solid, the 
reducing agent should certainly be liquid, or, if a solid, it should be used 
in solution. If this is so, the use of metallic reducing agents will have 
to be abandoned, and liquid or soluble reducers should be tried instead. 
The analysis of recovered india rubber is, of course, carried out on 
exactly the same lines as that of ordinary india rubber articles. The 
various points to. be determined are :— 
. Specific gravity. 
. Acetone extract, 
. Nitrobenzene (nitro-naphthalene) extracts. 


. India rubber substitutes (fatty)— par ir a: 
. India rubber—combined S. 3 


. Carbonaceous matter. 
. Mineral constituents. 


The working details of these analyses will be found in a later chapter. 

A few words are, however, necessary concerning the interpretation of 
the analytical results, for the simple reason that data which would be con- 
sidered satisfactory in an ordinary india rubber article would at once 
condemn a sample’ of recovered rubber, and vice versd. 
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uh Specific Gravity Determination.—This is carried out in the usual 
manner by means of the pyknometer. The test is of comparatively little 
importance, 

2. Acefone Extract.—The ratio between the percentage of acetone 
extract and that of india rubber present in the sample is of considerable 
moment im judging the intrinsic quality of a sample of recovered india 
rubber. It may safely be assumed that the higher this ratio, the poorer 
is the quality of the recovered india rubber. The amount of acetone 
extract is} indeed a reliable index of the efficiency of the process, which- 
ever it be, by which the recovery has been effected, especially if we calcu- 
late the percentage of acetone extract upon the actual amount of india 
rubber present. In doing this, it will be found that the vast majority of 
commercial brands of recovered india rubber rarely yield less than 20 per 
cent. of extract. The extracted residue will then frequently be found to 
consist of ; dry, crumbly mass, possessing very little elasticity and still 
less plasticity. The value of such a recovered india rubber is scarcely 
higher than that of a mixture of ground rubber scraps (vulcanised), with a 
corresponding \ proportion of oil. In a good recovered india rubber the 
percentage of oils or hydrocarbons should be below 10 per cent. (the lower 
the better), and! the residue after the extraction should itself possess an 
appreciable amount of plasticity. When this is not the case, the manu- 
facturing value ‘of the recovered sample is really only that of a mere 
‘ filling ’—1.e., bulk-giving substitute. 
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In many cases it may also be advisable to examine the nature of the 
acetone extract specifically, by estimating the amount of saponifiable matter 
it contains by Korrrsrorrgr’s process. The saponiftcation number of the 
extract should be very low, as the presence of an appreciable quantity of 
fatty oil in recovered india rubber is apt to cause serious trouble. It 
becomes, therefore, rarely necessary to attempt the identification of any 
fatty oil present, but if is generally desirable to convert the observed 
saponification number into a figure expressing the percentage of fatty oil 
in the extract. The kind of fatty oil present being generally unknown, the 
simplest way towards an approximation is to ascribe to the fatty oil a mean 
saponification number of 190. The percentage of fatty oil in the extract 
may then be calculated by means of the formula, 

e 100 2 


° 190 w 


in which m is the number of milligrammes of potassium hydroxide that 
disappeared in the saponification process, and w the weight of the acetone 
extract used for saponification. 

3. Nitrobenzene Extract (cold).—This process, suggested by Henriquns 
{see page 242) for the detection of asphaltum in india rubber articles, may 
be employed for the same purpose in the analysis of recovered india rubber. 
The process, is, however, scarcely a very satisfactory one, as, on the one 
hand, not every specimen of asphaltum is readily or completely soluble in 
slightly warm nitrobenzene, and, on the other hand, coal tar and coal tar 
preparations, which are freely employed in the production of a number of 
india rubber manufactures, will also dissolve to greater or less extent in 
the same solvent. Its usefulness is, however, unquestionable, as it permits 
of the removal of certain organic non-rubber components, which could not 
be eliminated either by the acetone extraction or by the later treatment 
with alcoholic caustic soda. 

4, India Rubber Substitutes (fatty).—The detection and estimation of 
these very largely used so-called substitutes is based upon the saponifying 
action of alcoholic caustic soda upon them. This valuable process, which 
is also due to Hunriqozs, is fully described in a later portion of 
this book. To obtain the correct figure of the sulphur of vulcanisation 
contained in the india rubber of a'sample of recovered rubber, the de- 
termination of the sulphur in the soda extract is indispensable. ‘The test 
for chlorine and its determination in this extract should likewise never be 
omitted. 

5. India Rubber and Combined Sulphur.—The sample which has served 
for the three last named tests is carefully dried under conditions preventing 
its oxidation, and accurately weighed out into two exactly equal portions— 
one of which serves for the estimation of the india rubber, the other for the 
determination of the combined sulphur. The processes adopted are, of 
course, exactly the same as those used in the analysis of ordinary india 
rubber articles. 
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6. Carbonaceous Matter, and 7. Mineral Constituents.—The insoluble 
residue remaining after the resolution of the india rubber by means of boil- 
ing nitrobenzene retains all the mineral and carbonaceous matter contained 
in the original sample. It may also contain vegetable and animal fibres. 
The separate estimation of these in the presence of carbonaceous matter is 
scarcely feasible, but their presence should be noted as objectionable. The 
determination of the carbon, or carbonaceous matter, in cases where an 
absolutely correct analysis is required, is rather troublesome. It is carried 
out as described in Chap. IX. (page 252). Where no carbonaceous matter 
is present, the usual lines of inorganic analysis are followed. 

The most important criteria as to the quality of a sample of recovered 
rubber are the amounts of india rubber, free sulphur, and sulphur of vul- 
canisation present. As regards free sulphur, I consider its presence in any 
appreciable amount as a sure indication that not even an attempt at de- 
vulcanisation, the only satisfactory aim of recovery, has been made. Any 
treatment calculated to eliminate the sulphur of vulcanisation would be 
certain to effect, in the first instance, the removal of some of the free 
sulphur. No doubt it is quite possible to remove the free sulphur without 
producing devulcanisation, so that the absence of sulphur in this form could 
not be held to prove that even a partial actual devulcanisation has been 
effected ; but I have satisfied myself by numerous experiments that all 
known processes for the production of recovered rubber, when carried out 
in the presence of free sulphur, invariably affect the result detrimentally, so 
that, as I stated above, the presence of free sulphur may safely be taken to 
prove the employment of an irrational recovery process. 

All recovering processes at present in use, as far as is known, are 
carried out at temperatures above 150° C. At this temperature free 
sulphur contained in the india rubber under operation may partly sub- 
lime, or enter into combination with metallic oxides contained in the india 
rubber, or interact with the oils or other substances employed in the 
process. It is therefore even possible for a sample of recovered rubber to 
have passed through the recovery process with all the free sulphur in it, 
and in the end to be altogether free from this element. Whether this can 
be accomplished in this manner without injury to the rubber it is impossible 
to say : as far as my experiments go, they show that this result can only be 
obtained at an inordinately high temperature. Such a sample may then 
contain no free sulphur and still be objectionable, as in this case freedom 
from sulphur has been purchased at the expense of the india rubber, which 
at the high temperature at which recovery was effected underwent partial 
decomposition. It is therefore important, for the purposes both of practical 
assay and of experimental research on the question of recovery, to possess 
means to enable us to detect the presence of decomposition products of 
india rubber in the recovered article. 

Now, the fact that such decomposition products, if present, were formed 
in the recovering process, not so much through chemical action as through 
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the action of heat, at once suggests that we may expect them to be sub- 
stances of the kind we encounter amongst the products of the dry distillation 
of india rubber, or, what is even more likely, similar to those obtained in 
boiling india rubber in nitrobenzene. But in either case we may expect 
them to be soluble in acetone—in other words, they will form part of the 
acetone extract, the importance of ascertaining which we have already 
discussed. The detection and estimation of these decomposition products 
in the presence of the oils, resins, and paraftin wax almost invariably 
occurring in recovered india rubber is, however, no easy matter. A separa- 
tion of these substances from the decomposition products of the india 
rubber by solvents appears to be impossible. Jairly satisfactory results may, 
however, be obtained by utilising the fact that the decomposition products 
of india rubber are terpenoid bodies,! which form bromine addition products 
containing upwards of 60 per cent. of bromine. These are insoluble in 
alcohol, and very difficultly soluble in benzene ; whereas any bromine addition 
or substitution products of the oils occurring in recovered india rubber are 
readily soluble in both alcohol and benzene, and also in a mixture of the 
two. Therefore, if we dissolve the acetone extract, after distilling off the 
acetone, in just sufficient of a mixture of two volumes of benzene with one 
volume of absolute alcohol to dissolve the whole of the extract, and then 
add bromine to slight excess, we obtain, if decomposition products of india 
rubber are present, a precipitate consisting of the bromine addition products 
of the latter. This can be filtered off, and should be washed first with the 
mixture of benzene and alcohol, and finally with absolute alcohol. It is 
then dried at a temperature not exceeding 50° C. The composition of this 
bromo-derivative, although constant for the same sample of vulcanised 
india rubber or its decomposition products, is not so for different samples of 
vulcanised india rubber. The reason for this has been already fully dealt 
with,” but for our present purpose has to be borne in mind. It necessitates an 
estimation of the bromine in the dried and weighed bromo-derivative, and from 
the weight of the latter must be deducted the weight of the total bromine 
contained in it. The result gives us, then, very approximately the quantity 
of soluble decomposition products of the india rubber of a given sample of 
recovered rubber. The following figures were obtained in this manner :— 


5 grms. yield (uy 


Acetone Extract. 


: - Decomposition 
Deriva- Bromine. 2 MN 
Product. 


Description of Sample. 
tive. 


percent,| grms. | grms. |percent.| grms. | grms. [percent. 

No. 1 black, . 9°94 | °497 in| 667665 078 039 “78 

American | No eles : 9°38 | °469 128" 51°67 10 086 042 "84 
NG, 18, LCV a eine) LOO LL "505 "151 | 65°56 | ‘099 "052 1 04 
No. 1 black, . | 12°00 | °600 °314 | 64°96 | °204 ‘110 2°34 


English J No.2 ,,  .| 10:40] °520 | -233 | 65-66 | -153 | -080 | 1°60 
(No. 3 » eae ioiein to S100|' 60°85.-|) "Sele | *210 he 
No. lgrey, .| 11°67 | ‘583 | -661 | 64:29 | -425 | 236 ; 

French 1 No 2, «| 10°35] 517 | -654 | 62°53 | -409 | -245 | 4°92 


1 See page 22 ff. 2 See page 11. 
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All the above percentages are calculated upon the india rubber only 
contained in each sample, irrespective of anything else present. The above 
acetone extracts consisted, to much the greater part, of mineral oil. No. 1 
of the American samples contained vaseline; the two French samples 
paraffin wax. 

The percentage of ‘decomposition product’ contained in a sample of 
recovered rubber is well illustrated by the following analyses of three 
samples prepared from the same ground rubber scrap with the same amount 
of mineral oil, but treated at different temperatures. 


5 grms. yield Bromo- : Decomposition 
ames Acetone Extract. | Derivative. Bromine. Product. 
p-c. grms. grms. p.c. |grms.) grms. | .c. 
No. 1 treated at 140°C. | 10°44 "522 149 61°74 | *92 057 1°16 
No. 2 aT aeey LOO a ratlgt e+: *542 289 61°08 | 146 | 093 1°86 
No. 3 Pb itcWa) ho) suet Cg ey be “O81 325 61°58 (71.09 fseiae 2°53 


The above figures show that much valuable information is to be gained 
from the estimation of the decomposition products in recovered india 
rubber. Of course I do not suggest that this determination should be 
carried out with every sample of recovered india rubber which is in any 
way analytically examined. But the fact that such an examination is at all 
possible is well worth recording, and, moreover, the method is not only useful 
for the purpose for which we have been discussing it, but will most likely 
also render useful service in the analysis of decomposed india rubber articles, 
and investigations into the cause of such decomposition. It is, moreover. 
noteworthy that the bromine percentages given above fall far short of 
what is required for the polyprene tetrabromide, and, moreover, exhibit 
considerable variations in this respect. It is highly probable that the 
degree of vulcanisation of a sample of india rubber is, to a large extent, if 
not entirely, responsible for this difference and its variation; and if this should 
be so, the above method could be modified into a chemical test for the 
degree of vulcanisation of vulcanised india rubber. On the other hand, the 
effect of oxidation upon india rubber would likewise tend to reduce its 
bromine absorption, so that the above method can no doubt also be em 
ployed to throw light on this still very obscure subject. Altogether, I 
think there are enough reasons to make this method one of peculiar interest 
to the chemist engaged in the analysis of india rubber, and it offers in itself 
a wide field for promising research in a number of almost unexplored 
directions. 


B. Fatty and other Organic Substitutes. 


The number of ‘ Rubber Substitutes’ which have been proposed is legion, 
and the annual patent registers of all manufacturing countries invariably 
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record a number of more or less new preparations intended to serve the 
same purpose, but scarcely any one of which seems even to pass into the 
advanced experimental stage, and I am not aware that any single one o: 
these preparations suggested during the last ten or fifteen years has found 
practical employment to any appreciable extent. Indeed, although certain 
preparations, which wé are about to discuss in the following pages, have 
been for a long time, and still are at the present moment, largely employed 
under the name of rubber substitutes, it must at once be said that this 
description as applied to them is a misnomer. We know at the present 
time of no manufactured product which in any way would deserve the 
name of rubber substitute. All the substances so described are pure and 
simply organic adulterants, as distinguished from inorganic or mineral 
bulking or filling agents. They reduce the quality of an india rubber 
article exactly in the proportion in which they are present in the article, 
and the justification of their use lies purely in the popular demand for 
cheapness. 

All the rubber substitutes which at the present time are of any 
commercial importance are obtained from one or other of the ‘ unsaturated’ 
fatty oils, either by a process of oxidation, or by treatment at higher 
temperatures with sulphur, or by treatment with sulphur monochloride 
in the cold. The process of manufacture of these products will be found 
below under the various headings descriptive of each of them. 

All these so-called ‘substitutes’ have one and the same fault in 
common, which lies in the fact that their typical chemical character is still 
that of a triglyceride. They are, therefore, all readily saponifiable by any 
of the ordinary means of saponification. In this respect more particularly 
the action of alkalies and high pressure steam deserves consideration. 
The latter especially represents a condition to which a very large and 
important class of india rubber manufactures is continually exposed, and 
therefore the use of these substitutes in the manufacture of such articles 
must be strongly condemned. It might perhaps be objected that the 
saponifying action of high pressure steam is of no practical importance 
owing to the imperviousness of india rubber, but, in reality, this counts 
for little. The saponification begins at the surface, but proceeds apace, 
chiefly owing to the corrosive (dissolving) action of the free fatty acids 
formed upon the india rubber. As far as the author is aware, the ‘moist 
heat’ English Admiralty Test! for india rubber goods is the outcome of 
purely empirical experiments and considerations, but it finds its entire 
justification and rational explanation in the above noted behaviour of the 
india rubber substitutes to high pressure steam. The Admiralty test 
is simply a rough and ready test—what is euphoniously called a 
practical test—for the presence of ‘substitute’ in an india rubber 
article. 

In articles which under ordinary conditions of use are exposed neither 

1 See page 229. 
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to the action of alkalies nor to the influence of high pressure steam, the 
presence of these substitutes is less objectionable, and the justification for 
their employment in these cases rests upon the price of the articles in 
question. It should, nevertheless, be pointed out that admixture with 
substitutes invariably tends to shorten the life of an india rubber article, 
generally increases its liability to decay, and greatly diminishes its 
resistance to friction and to torsional or longitudinal stresses. 

The above remarks concerning the use of substitutes in india rubber 
goods apply equally to all the substitutes which are in the market at the 
present time. It is therefore of considerable importance to examine, in 
the first instance, the considerations upon which the quality and 
suitability of an india rubber substitute may be determined with a 
view to its employment in manufacturing, and also what methods we 
possess for the detection and quantitative determination of rubber 
substitutes in rubber articles. But while doing so, a rough outline of the 
manufacture of the most important substitutes in use at the present time 
may also be found helpful. 

The Manufacture of Rubber Substitutes from Fatty Oils.—The origin 
of the manufacture of rubber substitutes from fatty oils probably dates 
back to a much earlier time than the india rubber industry itself. 
Preparations obtained by heating linseed oil with sulphur were probably 
known to the alchemists. At any rate, under the description of ‘ oleum lini 
sulphuratum,’ or ‘balsam sulphuris,’ they occupied an important place 
amongst the remedies of our forefathers, and, indeed, are even yet retained 
in the pharmacopeias of most countries. The fact, that under certain 
conditions, as regards degree of temperature and time during which the 
heat was applied, elastic solids are obtained by this process, would soon be 
observed, and when, towards the middle of this century, the manufacture 
of india rubber articles became established, the remarkable similarity 
between india rubber and these sulphuretted oils could not fail to attract 
attention and suggest the use of such products in conjunction with 
india rubber. Accordingly, we find that the first rubber substitute which 
appeared in the market, and which to this day still holds the field, is a 
product obtained by the interaction of linseed oil and sulphur. 

The action of sulphur upon unsaturated fatty oils is by no means 
completely understood. Atrscuun! showed that two different compounds 
are formed according to the temperature at which the reaction takes place. 
At temperatures not exceeding 150° C., up to 16 per cent. of sulphur are 
at first dissolved, and after some time absorbed by the oil. At this point 
it will be found that a drop of the oil, on being brought upon a glass 
plate, no longer turns milky or opalescent, owing to merely dissolved 
sulphur crystallising out, nor does precipitation of sulphur occur on 
dissolving the oil in ether. As, moreover, this point can be reached without 
any appreciable quantities of hydrogen sulphide being evolved, we may 

1 Zeitschr. f. angew. Chem., 1895, p. 585. 
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infer that this absorption of the sulphur by the oil under the above stated 
conditions is an addition process pure and simple. 

If the interaction between the unsaturated oil and sulphur is carried on 
at temperatures from 150° C. upwards, the evolution of hydrogen sulphide 
becomes more marked as the temperature increases. This is accompanied by 
a very considerable thickening of the oil, which eventually becomes perfectly 
solid. Substances solidified in this manner are prepared at present from 
a great variety of oils, such as linseed, colza, castor, cotton seed, and maize 
oils, and these products are largely used as so-called rubber substitutes, 
although in reality they are nothing but organic filling or bulking 
material. 

In preparing such substitutes, the quantity of sulphur employed is, of 
course, a matter of some importance. Nevertheless will it be found that 
the commercial products vary very greatly in this respect, the percentage 
of sulphur in them being often as low as 5 per cent., and, on the other hand, 
exceeding in many cases 17 per cent, This is, in the first instance, due to 
the fact that, instead of employing for the manufacture of these substitutes 
the above named oils in their natural state, ‘blown’ oils are used—7.e., oils 
which have been treated with air or oxygen at higher temperatures. 
In this treatment oxygen addition products are formed, the oxygen com- 
bining with the unsaturated fatty acid of the glyceride. This is accom- 
panied by a thickening of the oil, which becomes more pronounced the 
greater the amount of oxygen taken up by the oil, although there is no 
doubt that this treatment, at the temperature at which it is effected, leads 
to further effects which tend to increase the viscosity of these oils. The 
treatment may be carried so far, that eventually the oil is converted into 
a more or less ‘dry’ and resilient solid (see below) ; but for the purpose of 
the manufacture of the sulphuretted substitutes, the ‘blowing’ is only 
carried far enough to reach a specific gravity of about 0°960. The con- 
stitution of the addition products thus formed is entirely conjectural, but 
the effect of this oxygen addition is, of course, a reduction of the state of 
non-saturation of the oil, and consequently a smaller percentage of sulphur 
is necessary to convert one of these ‘blown’ oils into a completely saturated 
compound than would be required for the natural oil. In the trade the sub- 
stitutes made from blown oils are described as ‘ floating substitutes’ owing 
to their property to float on water, which, of course, is due to their specific 
gravity being slightly less than that of water; while the substitutes made 
from ordinary oils possess a specific gravity higher than that of water, and 
so are non-floating. 

There are two points as regards substitutes of the above description 
upon the careful control of which depend their satisfactory working in the 
factory, as well as the life of the articles manufactured with their aid. These 
two points are (a) the amount of soluble fatty oil they contain, and (0) the 
amount of freesulphur. Both these quantities should be as low as possible. 
A high percentage of soluble fatty matter invariably shortens the life of 
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the india rubber, and a high percentage of free sulphur would either require a 
diminution in the proportion of the substitute used, or, if unnoticed, might 
lead to serious mishaps in the vulcanisation process. This is an obvious 
point, which, however, is often neglected, not infrequently with disastrous 
results. In calculating the amount of sulphur to be added to a rubber 
mixing containing substitute, the amount of sulphur present in the latter 
should evidently be deducted, and for this reason it is most important that 
this amount should be accurately known. | 

Some typical samples of brown substitute gave the following results on 
analysis :— 


) 


I. French Make. | II. English Make. | III. American Make 


Free 8, .. : : 2°31 p.c. 2°41 p.c. 5°22 p.c. 
Combined SS, . ‘ 6°O8 «5; 6°84 ,, 19:81 
Soluble oil, 3 2A Usa ee Cus O°7B 3 


Samples I. and II. are practically identical. Sample III. I consider a 
rather objectionable specimen, not so much on account of its rather high 
percentage of free sulphur, as on account of the large proportion of soluble 
oil it contains. This sample has been made from maize oil. 

Now it might appear that samples I. and II., which are curiously similar 
in composition, would also in their working produce the same result. This, 
however, these analytical data do not enable us to infer. Indeed, there is 
no analytical method which would allow us to decide upon the quality of 
two different brands of brown substitute which are, like the above, practically 
similar in their chemical constants. Nevertheless, we are able to decide 
this question by examining mixtures of india rubber and these substitutes 
microscopically. Mixtures of these two substances, of course, do not repre- 
sent intermolecular penetration of the constituents as do true solutions, 
but are a sort of solid emulsions of the substitute in the india rubber; and 
we may therefore judge the quality of two substitutes by determining 
which of them forms the finest emulsion. The difference in this respect is 
often very great even in samples which are apparently chemically identical. 
In bad cases no granular emulsion is obtained at all, but the substitute 
breaks up intoa mass of streaky or scaly flakes. Practical experience has 
shown this microscopical test to be invariably reliable and trustworthy. 
Details regarding the working of this test will be found in the analytical 
portion of this chapter. 

There is, however, another class of substitutes which is distinguished 
from the ‘brown substitutes’ above described by the name of white 
substitutes, and which is formed by substances produced by the interaction 
of sulphur monochloride and unsaturated oils. Uzzer and Hory,! who 
were the first to investigate. the products of this reaction, found them to 


1 Jahresber. d, chem. Technol., 1890, p. 1177. 


EXAMINATION OF INDIA RUBBER SUBSTITUTES. 145 


consist of glycerides, the fatty acids of which contain chlorine and sulphur. 
They further found that these products can be saponified with alcoholic 
caustic soda, during which process all the chlorine is eliminated from the 
fatty acid, which, however, retains its sulphur intact. Henriques! has very 
considerably extended Unzer and Horn’s work, and established the fact 
that these white substitutes are simply addition products of the fatty oils 
and chloride of sulphur. In accordance with this fact, we find that the 
iodine absorption of these substitutes is very much smaller than that of the 
oils from which they were produced. 

The simplest way to produce these substitutes is by mixing the fatty 
oil with a certain quantity of chloride of sulphur and agitating the mixture 
well, In a very short time a vigorous reaction sets in, the mixture getting 
very hot, evolving vapours of sulphur monochloride, and also small 
quantities of hydrochloric and sulphurous acid. Simultaneously the mass 
thickens, and is rapidly converted into a solid, semi-transparent, elastic 
substance, the colour of which varies from a pale amber colour to a more 
or less pronounced brown. This product generally feels the ‘dryer,’ the 
darker its colour, It is easily ground into a mass of fine flakes of much 
lighter colour than the original substance. As is to be expected, the result 
depends very much upon the proportions of oil and sulphur monochloride 
employed, and also upon the kind of oil used. Henriques? determined the 
proportion of sulphur monochloride required to produce dry solid substitutes 
with various kinds of oils, and obtained the following figures :— 


100 parts of linseed oil require 30 parts of S.Cly. 


ie 5, poppy seed oil aay als A + 
‘ » colza oil Kee nO) He 3 
‘- ., cotton seed oil 3; 45 =i % 
a ,, olive oil Bade a * 

castor oil ay eee - . 


It must, however, not be assumed that the products obtained from 
these oils by their interaction with sulphur monochloride form all equally 
satisfactory ‘rubber substitutes.’ This is, indeed, not the case. Especially 
the product obtained with castor oil has been found wanting in stability, 
but also the substitutes from olive oil and linseed oil proved defective in 
this respect. At the present time a well-refined German seed, colza oil, is 
used for this purpose, to the exclusion practically of any other oil. 
Henriquzs ® patented the use of oxidised (blown) oils for the manufacture 
of these substitutes, and he claims that in this manner he obtains sub- 
stitutes which are not only cheaper than substitutes prepared from natural 
oils, owing to the considerably smaller quantities of sulphur monochloride 
required for their conversion, but he also states them to be superior to the 
ordinary substitutes. The latter claim is certainly not in accordance with 
the experience obtained with such substitutes in English factories, where 

1 Chem. Zeitg., 1893, p. 707, 2 Ibid. 


3 Germ. Pat., No. 73,045, 1893. 0 
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they were tried fairly and extensively years before the date of Hmnriquzs’ 
patent. 

In preparing these substitutes on the large scale, the most important 
point is to control the reaction so as to prevent a rise of temperature of 
above 70° C. in any part. For this reason it is generally recommended to 
prepare them in small quantities at atime. Scuuize! states that not more 
than 20 Ibs. of oil should be treated at a time. As a matter of fact, much 
better results are obtained by working with 3 to 5 cwt. batches, but in 
order to check the reaction, the addition of a suitable quantity of some 
hydrocarbon, the boiling point of which should not exceed 70° C., is 
necessary. Also ScHutzs’s statement, that the operation should not be 
carried out in wooden vessels, is without justification. Of course, when 
preparing these substitutes on such a large scale, open vessels can no longer 
be employed, and a closed apparatus with an effective vapour-condensing 
plant attached must be used. 

The relative nature of both the ‘ brown’ and ‘ white’ class of substitutes 
above described is very clearly brought out by the analytical results 
published by Henriquzs,? and given on the following page. 

It is obvious from these figures that there can hardly ever arise any 
doubt as to whether a fatty substitute contained in an india rubber article 
is a brown or a white substitute. The readiness with which these 
substitutes are saponified by alcoholic caustic soda renders their complete 
extraction from the finely ground india rubber sample an easy matter. 
The amount of substitute present in any given sample cannot, of course, be 
estimated by direct methods—at any rate, in most cases without liability 
of considerable error. It is therefore estimated by the loss in weight of 
the sample after treatment with alcoholic caustic soda. The amount 
of chlorine extracted by the alcoholic caustic soda decides, of course, the 
nature of the substitute present. 

The general practice is to use the brown substitutes for ‘dry heat 
cured’ goods only—z.e., goods vulcanised with sulphur; and the white 
substitutes for ‘cold cure’ goods—i.e., goods vulcanised with chloride of 
sulphur (S,Cl,). There is, however, a certain class of ‘dry heat cured’ © 
goods, for the manufacture of which white substitute is employed. This at 
first sight appears surprising, in view of the fact that white substitute 
already at a temperature of 90° C. loses a considerable part of its chlorine 
in the shape of hydrochloric acid ; and at vulcanising temperature—130° ©, 
—this effect of heat upon white substitute becomes considerably more 
noticeable. It might, therefore, be thought that on hot vulcanising a 
mixing containing white substitute, a considerable risk of ‘blowing’ was 
incurred owing to the evolution of hydrochloric acid gas by the substitute ; 
but in practice, provided the mixture does not contain any inorganic 
carbonates or sulphides which are acted upon by sulphuretted hydrogen, 
the curing of such a mixture causes no difficulty whatever, and 

1 Gummi Zeitung., 1898, p. 311, 2 Chem. Zeitg., 1893, p. 707. 
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there is certainly no escape of hydrochloric acid noticeable. This apparent 
anomaly, no doubt, finds its explanation in the existence of a polyprene 
dihydrochloride, in the fact that india rubber forms an addition product 
with hydrochloric acid. Although this addition product under the 
influence of heat gives off hydrochloric acid, this process (see page 146) 
is very far from complete; and as the white substitute at vulcanising 
temperature also parts with a certain fraction only of its chlorine in the’ 
form of hydrochloric acid, it follows that under practical conditions the 
amount of hydrochloric acid evolved by the substitute always falls con- 
siderably short of the quantity india rubber can absorb and retain at 
vulcanising temperature. This is all the more so, as the quantity of white 
substitute which can be used in admixture with india rubber for the 
manufacture of ‘dry heat’ goods is limited by the fact that such mixtures, 
in order to ensure satisfactory vulcanisation of the india rubber, require 
quantities of sulphur increasing rapidly with the proportion of substitute 
present, so that, for the vulcanisation of mixtures in which white substitute 
predominates, quite enormous proportions of sulphur (over 30 per cent.) 
would be required. It cannot be said that goods of this description are 
not made, but that they should be must be regretted, the more so as the 
only reason for the employment of white substitute in ‘dry heat’ goods is 
the colour of the finished substance. Brown substitute, of course, 
produces goods of a somewhat dark-yellowish or brownish-grey colour, but 
the trade insists upon having certain articles, gas-tubing especially, of a 
light greyish-white colour, which can only be obtained by means of white 
substitute. There is nothing, apart from the question of colour, to 
commend the use of white substitute in ‘dry heat’ goods—indeed, the 
practice is unquestionably detrimental to the quality of these goods. 
The above described ‘ brown’ and ‘ white’ substitute represent probably 
fully 90 per cent. of all the so-called rubber substitutes used. How little 
they really deserve this name has already been shown in the introduction 
to this chapter. Nevertheless, every year unfailingly produces its regular 
crop of ‘inventions,’ which in their early stages are generally stated to 
realise the production of artificial india rubber, but which are simply the 
application of the above described reaction of sulphur, or chloride of 
sulphur, upon fatty oils, upon either some new kind of oil, or upon an oil 
subjected to some preliminary treatment (blowing), or upon such oils 
under conditions more or less novel—generally less. Of all these new 
substitutes there is only one which has been at all able to obtain some 
foothold in the market, though it could by no means be said to be firmly 
established at the present. This is the curious product named, after its in- 
ventor, Fenton rubber. This substitute is manufactured! by mixing oxidisable 
vegetable oils, either in the raw or oxidised state, with certain proportions 
of tar, pitch, creosote, or ‘ other form of pyroligneous acid,’ and placing “‘ the 
mixture, either cold or previously heated together, into a bath of diluted 
1 Eng. Pat., No. 26,548, 1896. 
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nitric acid, and allowing it to remain for maceration—cold, or quickening 
the action by boiling—until the whole is coagulated into a tough elastic 
magma ‘having the appearance’ and nature of caoutchouc-like substance.” 
This product is poured upon pans and roasted for a short time, ‘when it 
coagulates into a highly elastic mass in appearance like india rubber, and 
can be vulcanised exactly as that substance is,” 

This is simply a re-invention of a process first employed in 1848 by 
Sacus and Jonas, with the very questionable ‘improvement’ of the addition 
of tar, pitch, creosote, or ‘ other form’ of pyroligneous acid. 

The rubber substitutes we have been considering so far are all intended 
to replace part of the india rubber in rubber mixtures. There is, however, 
a very numerous class of substances which are actually intended to replace 
india rubber entirely for both soft and hard rubber (ebonite) articles. 
Attempts in this direction up to now have always failed, and probably 
always will, if these substitutes are used for articles in which high 
tensile strength, great elasticity, resistance against abrasive forces, and 
indifference to chemical, especially alkaline, reagents, are chiefly required. 
Where waterproof qualities, electrical insulation resistance, sound-deadening, 
and similar qualities only are required, such substitutes may be more or less 
serviceable. In the past they have been greatly discredited, owing to the 
immoderate claims put forward on their behalf—claims which it was in- 
variably found could not be sustained. 

The number of patents which have been taken out for rubber sub- 
stitutes of this description is truly appalling, and becomes still more so 
when we discover that, with only an occasional exception, all these patents 
are based upon two reactions: either the action of sulphur upon fatty oils, 
or the action of oxygen upon oxidisable oils. And herein lies the weak 
point of all these substitutes: they are all saponifiable, and they all lack 
the resistance possessed by india rubber to temperature changes within 
comparatively wide limits. To call these substances india rubber sub- 
stitutes, or artificial india rubber, is grossly misleading. They can in no 
case compete with india rubber, and their use begins only where that of 
india rubber ceases—1.e., uses where such highly compounded (mineralised) 
mixings are required, that the india rubber acts more or less exclusively as" 
a cement for the mineralic powders only, as is the case in the very lowest 
classes of india rubber goods. 

It is impossible to give even an outline of all the patents that have 
been taken for the manufacture of such substitutes, nor would such an 
outline be at all worth the trouble. Even the latest patents in this 
direction represent no progress over the methods which were employed 
for the same purpose thirty years ago. What little actual improvement 
there is, is simply one of manipulation. We may therefore confine our- 
selves to a brief exposition of the mode of manufacture of one of the more 
recent of these compounds, known as ‘ Oxolin.’ 

This is one of the innumerable patents based upon the formation of 
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solid products by the oxidation of linseed oil, In this case this is per- 
formed by impregnating vegetable fibre, such as flax, hemp, or jute, with 
linseed oil in a hydro-extractor. The impregnated material is then spread 
on trays and oxidised by exposure to the air at a temperature of about 
45° C, This operation is repeated a number of times, when the material 
obtained by working between rollers is transferred into an apparently homo- 
geneous mass in appearance much like india rubber, and which, by mixing 
it with sulphur, is capable of a certain degree of vulcanisation on heating. 

The elasticity of this product is very small, its tensile strength not to 
be compared to that of india rubber; alkalies and high pressure steam 
saponify it. But, no doubt, for a certain number of uses this product 
answers as well as very low qualities of india rubber. 

A very great number of preparations have been patented which are 
intended to serve as india rubber substitutes by themselves, and not in 
admixture with india rubber. So far not one of these preparations has 
been more than partially successful, their applicability being mostly con- 
fined to the insulation of electric conductors. 

The oldest of these preparations is CALLENDER’S bitumen, which has 
been, and is still, largely employed for the manufacture of the larger sizes 
of insulated electric cables. It is a preparation very similar to the ordinary 
brown substitute of the rubber manufacturer, and obtained by heating a 
mixture of stearine pitch and sulphur under certain conditions. The 
electric insulation obtainable with this preparation is very low as compared 
with a good india rubber insulation, but its behaviour against high voltage 
currents is nevertheless very satisfactory. For telephone or telegraph 
.cables this material is unsuitable, owing to its rather high inductive 
capacity. 

Highly interesting are Noset’s attempts to produce ‘artificial india 
rubber’ from nitrocellulose! by dissolving this substance in nitro or bromo- 
nitro derivatives of certain aromatic hydrocarbons—camphor or resin oil. 
That ‘resilient solutions’ of this description could at all be employed in 
place of india rubber is highly improbable, but Nosst’s idea of arriving 
at a rubber substitute by preparing what I termed above a ‘resilient 
solution’ of a colloid is well worth further consideration. Very probably 
the recent elaboration of ‘Velvril,’ a new substitute for india rubber and 
gutta percha, by W. F. Rurp,? was suggested by Noset’s experiments in 
this direction. 

Rerp’s ‘Velvril’ is a solution of a nitrocellulose of a ‘low degree of 
nitration’ in a nitrated oil, preferably linseed or castor oil. The progress 
in this case lies in the substitution of a nitrated oil for NoBxt’s aromatic 
nitro-compounds, and would no doubt result in the production of a much 
less combustible, and probably also more ‘structureless’ or ‘colloidal,’ 
product than could be obtained by Noput’s formule. But whether 


1 Eng. Pat., No. 20,234, 1893 ; and No. 15,964, 1894. 
2 Journ. Chem. Soc., 1899, p. 972. 


EXAMINATION OF INDIA RUBBER SUBSTITUTES. T5! 


‘Velvril,’ for which its inventor claims a great deal, is a really satisfactory 
substitute for india rubber and gutta percha requires more proof than we 
possess at present. A prior’ it would appear very doubtful whether a 
mixture of nitrated oils and nitrocellulose is a sufficiently stable product 
to be generally used in place of india rubber and gutta percha. It would 
certainly be surprising if such a mixture or solution was not greatly 
affected by any considerable rise or fall of temperature over and below 
mean atmospheric temperature. 


Resins, Pitches, and Waxes. 


The number of different resins and waxes, or waxlike substances, and 
_ pitches which have been used in connection with rubber, or which are 
supposed to impart new and valuable properties to rubber goods, is almost 
endless. That in many cases, by the addition of one of these substances to 
india rubber mixings, a certain technical effect can be obtained is un- 
questionable, but it may, nevertheless, be safely said that the less any of 
these substances are used, the better for the article produced. In soft 
rubber goods only a very moderate use is and should be made of these 
substances, but hard rubber goods often contain very large proportions of 
resins, chiefly shellac and amber. 

Perhaps the most interesting of these substances are the pitches, and 
more especially those which are more of a colloidal or elastic description 
rather than brittle. Used in moderate proportions in india rubber mixings, 
they certainly seem to tend to increase the resiliency of the india rubber, 
and to decrease its liability to deterioration by oxidation. Very valuable 
results may be expected from a thorough methodical study of this interest- 
ing subject, which, so far, has received scant attention only. 

The analytical detection of those bodies in india rubber mixtures offers 
very little difficulty as far as the resins are concerned, owing to their 
insolubility in acetone and their solubility in alcohol. The latter offers 
also a ready means for their separation from waxes and pitches which are 
quite insoluble in alcohol. The waxes are all fairly freely soluble in 
acetone, but insoluble in alcohol. The pitches—boiled tar, stearine pitch— 
are partly soluble in acetone, and also in cold nitrobenzene, but the 
proportion of soluble constituents in them is by no means constant. 
Asphaltum and sulphuretted stearine pitch (CALLENDER’S compound) are 
scarcely, if at all, solublein acetone. They dissolve more or less completely 
in warm nitrobenzene. But it will be readily inferred from these that a 
satisfactory estimation of these pitches, and especially if they should occur 
together with resins or waxes, may occasionally be a very difficult matter. 
Our inabilities in this respect are, however, to a considerable extent counter- 

1 By this term only the mineral waxes—paraffin wax, ceresin, and ozokerite—are 
understood, but not bee’s wax, the use of which offers no tangible advantage in conjunction 


with india rubber, although it is supposed to be used ina certain kind of ‘hard rubber’ 
(Kiel compound). 
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balanced by the fact that mixtures of these substances are very rarely, if 
ever, employed in rubber mixings ; and further, it is generally quite sufficient 
for practical purposes to establish the presence and determine the quantities 
of resinous or waxy substances in an india rubber sample without finally 
identifying them. ‘This, in fact, can always be done without much 
difficulty. 


The Chemical Analysis of Organic India Rubber Substitutes. 


1. Recovered Rubber.—The chemical analysis of recovered india rubber 
is carried out in exactly the same manner as the analysis of manufactured 
india rubber. A complete analysis, therefore, would have to account for the 
following items :— 


(a) Free oils, or fats. 


(6) Resins, waxes, pitches. 
S in substitute. 


(c) Fatty rubber substances Cl in 
(ad) Free sulphur. 

(e) India rubber. 

(f) Sulphur of vulcanisation. 

(g) Insoluble organic matter other than above named, 
(h) Carbonaceous matter. 

(¢) Mineral constituents. 


> 


Indeed, to some extent this subject has already been dealt with in the 
foregoing pages. For the determination of the suitability of a given sample 
of recovered rubber, such a detailed analysis is generally unnecessary, and 
the determination of the above items (a), (d), and (c) under one head, (4), 
(e), (7), and again (g), (2), and (7) in the aggregate, will be found, in the 
vast majority of cases, to supply all the information required and which 
is obtainable by chemical analysis. 

The value of a given sample of recovered india rubber depends upon two 
factors, of which the first represents the ‘ waste rubber value’ of the sample, 
and which is, with a very fair approximation, ascertainable by analysis. 
The second factor consists in the ‘technical effect’ produced by the recover- 
ing process which is demonstrated by the plasticity of the sample, and its 
elasticity and tensile strength after revulcanisation. 

By estimating the amount of pure rubber in a sample of recovered 
rubber, we are at once able to calculate the price paid for the rubber 
actually present. The value of the other constituents—substitute, oil, 
sulphur, mineral matter—is so small as to be hardly worth allowing for. 
It is, of course, obvious that the ‘waste rubber value’ should also depend 
upon the quality or brand of rubber present, but as yet no sufficiently 
reliable constants are known which would enable us to distinguish 
analytically between different brands of india rubber; and if there were 
such, the fact that rubber goods are in the vast majority of cases manu- 
factured from a mixture of at least two different brands of rubber would go 
a long way to render such an estimation practically illusory. In practice, 


EXAMINATION OF INDIA RUBBER SUBSTITUTES. 153 


however, this objection proves much less important as it might perhaps 
appear, owing to the fact that the ‘technical effect’ produced by the 
recovering process is determined not only by the efficiency of the 
particular process employed, but very largely also by the brand of rubber 
upon which it is exercised. We are not able to determine the ratio in 
which these two items contribute to the ‘technical effect’ achieved, but it 
is for practical purposes sufficient to determine it in its totality by 
examining the elasticity and tensile strength of the sample after 
revulcanisation. 

All the commercial samples of recovered rubber, many of which are 
offered under very misleading descriptions, issue very badly from this 
efficiency test. Indeed, it may safely be said that most of them are very 
little more than mere bulking agents. Their chief advantage against the 
fatty substitutes lies in the fact that they are very much more stable than 
the latter, and therefore less liable to cause trouble in the manufacturing 
process, or when in use in the form of india rubber articles of one kind or 
another. That the foregoing statement is none too severe will become at 
once apparent if a number of commercial samples of recovered rubber are 
subjected to the extraction test with acetone. It will be found that all 
these samples yield from 6 to 14 per cent. of an extract, the greatest part of 
which consists of either a fatty oil, a hydrocarbon oil (both mineral and 
resin oils are used), or a mixture of them. The extracted rubber will now 
be found to have lost almost all its former plasticity, elasticity, and tensile 
strength, and to consist of a more or less cohering aggregate of ‘crumbs’ 
of vulcanised rubber possessing neither plasticity nor tensile strength. 
This shows that this kind of ‘recovered’ rubber is at best merely a kind of 
semi-solid solution of the vulcanised rubber in oil, and in the worst cases 
only a mass of crumbs, the cohesion amongst which is due by the stickiness 
produced by the combined action of heat and oil upon india rubber. In 
neither case could it be said that a true ‘recovery’ of the india rubber had 
been effected. All that can be claimed for such products is that they con- 
tain vulcanised india rubber in a form in which it can more satisfactorily 
be mixed with fresh rubber than if it was merely in the state of dry crumbs. 

On submitting samples of recovered rubber of this description to the 
vulcanisation test, products are obtained which compare very unfavourably 
indeed with even the very low grades of crude rubber, and I am certainly 
strongly of opinion that the prices asked and paid for recovered rubber of 
this description are altogether out of proportion to its intrinsic value. 
They are, unfortunately, used at present in a very indiscriminate and un- 
critical manner, producing the semblance, but not giving the substance of 
quality, in the articles produced by their aid. 

The vulcanisation test is carried out by mixing the sample to be tested 
in the usual way between mixing rollers with enough sulphur to make the 
mixed product contain 6 per cent. of free sulphur. This mixture should 
be calendered into a sheet of standard thickness, say 4 or ;}, of an inch, 
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The sheets are then vulcanised under standard conditions. What these 
conditions are is not very essential as long as all the tests are made under 
the same conditions. The vulcanisation is effected between steam-heated 
plates, but personally I prefer to vulcanise in high pressure steam, 
as this method is certainly handier in the laboratory. ‘ In the latter case, 
a digestor of the construction of fig. 1 is employed. It should be capable 
of withstanding a working pressure of at least 150 Ibs., and should be fitted 
with pressure gauge, thermometer tube, safety valve, and blow-off tap. 
Inside this digestor a cage can be inserted, the bottom of which reaches to 
within 2°5 inches of the bottom of the digestor. This cage receives the 
sample to be vulcanised, which is‘either secured upon a strip of glass plate 
or wound helically, the convolutions not touching, upon a glass cylinder of 
suitable size. The digestor is served with water to a height of 1°5 to 2 
inches from the bottom, and the cage should certainly be clear of the sur- 
face of this water. The digestor is heated by means of a Bunsen burner. 
The height of the flame requires careful regulation. Even with this 
arrangement it will, however, still be necessary to employ a gas governor 
(pressure regulator) in order to keep the temperature reasonably constant. 
Exster’s or Stori’s gas governors prove most satisfactory, and the first 
named is also the least expensive. 

With regard to the temperature at which the vulcanisation is carried 
out, and its duration, no hard and fast rules can be suggested. These 
conditions may with advantage vary in different laboratories, according to 
the varying vulcanising conditions which are dictated by the nature of the 
articles manufactured. As a good average I recommend a temperature 
of 130° C. for from two to two and a half hours. 

The vulcanised strip is cut to a standard width, say 1 inch, and its 
breaking strength estimated in a machine constructed upon the principle 
of the well-known yarn testing machine. 

It is very frequently found that the amount of mechanical work re- 
quired to mix certain descriptions of recovered rubber with fresh rubber, 
so as to produce as nearly homogeneous a ‘compound’ as possible, varies 
very considerably with different brands and grades of recovered rubber. 
Indeed, with some of them this result is unattainable, as the ‘compound’ 
would require an amount of working which would prove fatal to the fresh 
rubber employed. As a consequence, it is frequently found that ‘com- 
pounds’ of this description are simply colloidal agglomerates exactly as 
‘compounds’ of rubber and oil substitutes, but generally much coarser. 
It will generally be observed that this phenomenon almost invariably is 
exhibited by those kinds of recovered rubber which pass the vulcanising 
test badly, or which, in other words, have been inefficiently ‘recovered.’ It 
is therefore generally advisable to put samples of recovered rubber to a 
mixing test, and examine the appearance of a surface cut produced with a 
sharp knife. A granular, spotted, or streaky section indicates a more or 
less heterogeneous mixture. Very characteristic for the recognition of this 
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defect is also the appearance of such a section after wetting it with one of 
the india rubber solvents: a section of a homogeneous mixture swells into 
a smooth surface, a section of a heterogeneous mixture becomes granular, 
or irregularly furrowed and indented. 

2. Fatty Substitutes.—The fatty substitutes discussed in the earlier 
part of this section, which are offered in a great number of variations, are 
commercially divided into two classes—viz., brown and white substitute— 
and to this division corresponds also an essential difference in their com- 
position, colour, mode of preparation, and manner of employment, 

The brown substitutes are prepared by the action of sulphur upon the 
triglycerides of unsaturated fatty acids at high temperatures, the white 
substitutes by the action of sulphur monochloride upon similar triglycerides 
in the cold. Accordingly, the brown substitutes represent sulphides, the 
white substitutes chlorosulphides of fatty oils. 

The value of these substitutes lies in their chemical stability and their 
insolubility in solvents, which renders it possible to use them in more or 
less considerable quantities in rubber mixings as bulking agents, without 
increasing the specific gravity or reducing the suppleness of the manu- 
factured articles. 

The solubility of these substitutes can be ascertained by experiment, 
and is carried out by extraction with ether or acetone. The extract, after 
distilling off the ether, is dried for one hour at 100° C. It must, however, 
not be assumed that this extract, as a whole, represents dissolved substitute. 
Indeed, this is only true of a very small portion of it. The bulk of this 
extract consists of triglycerides which have not taken part in the reaction 
with either sulphur, or chloride of sulphur, and besides this, it always con- 
tains a sensible quantity of free sulphur. 

It is obvious that the smaller the quantity of this extract, the less is a 
substitute likely to cause trouble in the manufacture. THomson! pointed 


out that the oily extracts obtained from rubber substitute do not affect 


india rubber detrimentally. This, no doubt, is to a large extent correct, 
as the oils which escape the reactions leading to these rubber substitutes 
are bodies which have no perceptible action upon india rubber. Moreover, 
their presence in the substitutes cannot altogether be avoided. But this 
point, nevertheless, should be made the subject of careful control in manu- 
facturing, first with a view of keeping the percentage of soluble fatty 
matter in the substitute as low as possible, and further to keep this per- 
centage as near as possible constant. That for certain purposes fatty 
substances are designedly added to india rubber mixings does not minimise 
the importance of this control, one of the chief purposes of which is to 
assist towards that uniformity of working conditions, without which 
serious break-downs in the uniformity of the manufactured goods are 
unavoidable. 

All these substitutes contain, as has already been stated, free sulphur, 

1 Journ. Soc. Chem. Ind., 1885, p. 710. 
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the presence of which in white substitutes is always rather small and 
practically irrelevant. Not so in brown substitutes, which not only 
reaches often rather high figures, 8 per cent. and more, but is, moreover, 
apt to vary considerably. As. brown substitutes are used exclusively for 
dry heat cured goods, the knowledge of the exact amount of free sulphur 
in the substitute becomes an important matter, and the neglect of this 
obvious precaution is a fruitful cause of many vulcanising troubles. 

The determination of the free sulphur is best carried out in conjunction 
with the determination of the soluble fatty matter. The extraction of the 
substitute may be carried out with ether, but acetone is to be preferred as 
being a better solvent for sulphur. Carbon bisulphide might perhaps 
appear the most suitable solvent to employ, but, as a matter of fact, it can- 
not be used, as it always dissolves from the substitute a small quantity of 
organic matter which cannot be readily separated from the free sulphur. 
Accordingly we proceed in this manner, that from 3 to 5 grms. of the 
finely ground substitute are weighed out in one of the paper tubes, closed 
at one end, which are much used in milk analysis. The open end of this 
tube is then lightly closed by inserting into it a small tuft of fat-free 
cotton wool, transferred to a Soxhlet extractor, and extracted for at least 
four hours with acetone, the extract being received in a weighed flask. 
After extraction the acetone is completely distilled off. The extract thus 
obtained is now treated with 20 c¢.c. of acetone to redissolve the organic 
matter when the free sulphur separates out as a crystalline mass. The 
fatty matter being completely dissolved, the solution is filtered through a 
small filter into another weighed flask, care being taken to retain the 
precipitated sulphur as much as possible in the first flask. The latter is 
then washed three times with 5 c.c. of cold acetone, all the washings being 
successively filtered into the second flask. Finally, the small filter is 
carefully washed with another 5 c.c. of acetone. The filter is then 
removed to the first flask, and 10 to 15 cc. of carbon bisulphide are 
filtered through it into the first flask. Any sulphur which was poured 
into this filter.in the first washings will thus be dissolved. The contents 
of both flasks are now evaporated to dryness, and dried for one hour at 
100° C. If the operation has been properly conducted, the first flask will 
be found to contain a number of globules of pure sulphur,! the second a 
clear, semi-fluid, fatty substance. The amount of each is determined by 
weighing. 

The figures so obtained are satisfactorily accurate for ordinary purposes, 
but occasionally it may appear desirable to apply to them a correction on 
account of the solubility of sulphur in cold acetone, which amounts to 
0-06 per cent. at a temperature of 18°C. Accordingly, the 40 c.c. of 
acetone used in separating the sulphur and fatty matter would dissolve 
0-020 grms. of sulphur. To correct the figures we would therefore have 


1 These remain liquid for a long time, but crystallise instantly on being touched with 
a glass rod, 
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to deduct this amount! from the amount of fatty matter present, and add 
it to the quantity of sulphur as ascertained by weight. 

These figures already afford a very satisfactory criterion by which to 
judge the identity of the quality of successive deliveries. In doubtful 
cases, however, or when it becomes necessary to decide as to the identity 
or otherwise of samples from different sources, the determination of the 
combined sulphur, or of combined sulphur and chlorine, in the case of 
white substitutes should not be omitted. To employ for this purpose the 
substitute in its ordinary condition—/.e., to determine the total sulphur in 
it, and then put the combined sulphur as the difference between this total 
sulphur and the amount of free sulphur previously ascertained—is, however, 
not permissible. The reason for this objection lies in the fact that the 
fatty extract always also contains a certain amount of combined sulphur 
which cannot properly be considered to represent sulphur present in the 
form of insoluble substitute. For this reason the combined sulphur should 
be determined in the extracted sample of substitute after drying. 

For this purpose | grm. of the extracted substitute is treated according 
to Henriques’ method for the determination of the total sulphur in india 
rubber fully described on page 253. The amount of free sulphur should be 
calculated, not upon the extracted, but upon the unextracted, substitute. 

The above data—soluble fatty matter, free sulphur, combined sulphur 
—suffice, in the vast majority of cases, to decide the question of conformity 
to standard of samples of substitute, white or brown, and also to 
judge their quality in general as far as chemical analysis can decide 
this point. Regarding this, it may be taken that a white substitute 
containing not more than 10 per cent. of soluble fatty matter and not less 
than 8 per cent. of combined sulphur, or a brown (black) substitute 
containing not more than 5 per cent. of soluble fatty matter, and the 
amount of free sulphur in which does not exceed 40 per cent. of the 
amount of the combined sulphur, are, from the chemical point of view, safe 
to use. It should, however, always be remembered that these figures 
represent higher limits—at any rate, as far as the percentages of soluble 
fatty matter are concerned. 

There are also, however, some technological points in connection with 
these substitutes of which the analyst should take note. It is quite 
feasible that a sample of substitute may in every respect come up to our 
analytical standard and nevertheless prove unsatisfactory with regard to 
the mixture it forms with the india rubber between the mixing rollers. 
This mixture should be so fine, that on pulling part of it into a transparent 
skin, no appearance of structure, due to microscopic particles or flakes 
of substitute, should be observable. The skin should have the appear- 
ance of an opalescent or turbid medium. Under the microscope a thin 
film should present the image of fig. 8, and not of fig. 9. And this result 


1 It is scarcely necessary to point out that it would be useless to carry this correction. 
beyond the first decimal. 
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should be arrived at without the mixture requiring an amount of working 
detrimental to the india rubber. : 

The microscopic preparations of such mixings are obtained by dissolving 
a small quantity of the latter in sufficient benzene to produce a solution of 
the consistency of thin honey. A very small drop of this solution is placed 
upon one end of a micro slide, and by drawing another micro slide rapidly 
across this drop, an extremely thin rubber-substitute film is produced, 
which, after a few moments’ drying, is ready for observation. In permanent 
preparations no mounting media should be used, or only such as possess a 
very low refractive index. 

It is further advisable to test the behaviour of both white and brown, 
substitutes against high pressure steam at vulcanising temperatures applied 
for three hours. Substitutes of apparently closely similar chemical 
composition not infrequently behave very differently in this test, some 
standing it very satisfactorily, others suffering more or less pronounced 
decomposition. 

Substitutes, whether white or brown, manufactured from oxidised 
(blown) oils contain considerably less chlorine and sulphur, or sulphur, 
than substitutes manufactured from the natural oils. Thus, the brown 
substitutes I. and II. quoted on page 144 have been manufactured from 
blown ¢olza oil, and No. III. from ordinary refined maize oil. Likewise, 
the white substitutes A and B in Henriquzs’ table (page 147) have been 
manufactured from blown or oxidised oils, and C from a natural oil. But 
while brown substitutes produced from blown oils are at least as satis- 
factory as those obtained from natural oils, and for some purposes distinctly 
superior, the same is not true for white substitutes prepared from blown 
oils. These exhibit a distinct lack of stability as compared with the 
normal products. 

3. Resins, Pitches, aud Waxes.—The analysis of these substances is a 
very simple operation. 

The resins which are employed in the manufacture of india rubber 
goods are very few. The most important are colophony and shellac, The 
low price of colophony renders an adulteration of it a practical impossibility. — 
Shellac, owing to its much higher price, is much more liable to be tampered 
with. It is stated that adulterations of this resin with colophony have 
been observed. These can readily be discovered by the solubility of pure 
shellac in ether, in which colophony is practically insoluble. 

The pitches used in the rubber manufacture are coal tar pitch, stearine 
pitch, and asphaltum. Coal tar pitch is prepared by boiling the liquid 
coal tar until it has reached such a consistency that it sets just hard, but 
not brittle, on cooling. At least 90 per cent. of it should be soluble in 
boiling benzene. 

Stearine pitch, the origin of which is sufficiently indicated by its name, 
varies very greatly in its composition and appearance. It occurs some- 
times as a very sticky, almost treacly mass; sometimes it forms hard, 
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brittle pieces; but the only form in which it is satisfactory to use is in the 


form of a coherent semiplastic mass. It is by no means a homogeneous 
body, but consists of a part soluble in ether, acetone, and benzene, and of 
another part which is insoluble in all solvents. The soluble part consists 
practically entirely of fluorescent hydrocarbons, and should contain no 
saponifiable matter. The insoluble part is a black carbonaceous mass. Its 
amount should not exceed 20 per cent., but often forms as much as 60 per 
cent. of the product. 

Asphaltum is not extensively used, and the products in the market 
under this name differ very greatly in composition and properties. The 


“quality generally used in rubber works is that known as Syrian or 


Judea Asphaltum. Only from 4 to 5 per cent. of it should be soluble in 
alcohol. From 40 to 50 per cent. should be soluble in ether, and the 
whole in chloroform, turpentine, and nitrobenzene. 

Practically the only waxes used in connection with india rubber are 
paraffin wax, and ceresin or ozokerite. The quality of these products is 


expressed by their melting points, which for paraffin wax ranges from 
- about 28 to 53° C., and for ceresin from 70 to 76° C. Adulterations of 


paraffin wax are scarcely feasible, but adulterations of ceresin with resin 
(colophony) are by no means uncommon. This is, however, easily detected 
by the solubility of resin in 60 per cent. strong alcohol, in which ceresin is 
entirely insoluble. The quantitative determination of this adulteration is 
carried out by boiling 2 grms. of the ceresin with 20 c.c. of alcoholic caustic 
soda (6 per cent.) for twenty minutes on a reflux condenser. The ceresin 
hydrocarbon is then allowed to solidify by cooling, when the alcoholic 
solution is poured into a dish, the flask with the ceresin rinsed several 
times with small quantities of alcohol, and the washings added to the 
alcoholic solution. This solution is then evaporated to dryness, the residue 
again taken up with boiling water, slightly acidulated with hydrochloric 


acid, and again evaporated to dryness. The free resin is now separated 


from the sodium chloride present by dissolving it in alcohol, evaporating 
to dryness, and weighing the residue. Or the weight of the first obtained 
mixture of resin and sodium chloride is ascertained, the whole then ignited, 
and the weight of the residual sodium chloride determined. The calcula- 
tion of the amount of resin present is obvious. 


CHAPTER IV. 


INORGANIC COMPOUNDING MATERIALS. 


THE inorganic compounds used in india rubber mixings serve a number 
of purposes, and their suitability must be considered, therefore, from the 
point of view of the particular effect aimed at by their employment. 

Foremost stand the compounds used as filling or bulking agents, the 
chief purpose of their employment being to reduce the price of the manu- 
factured. article. Next in importance stand the substances acting as 
‘sulphur carriers,’ and the effect of which is either to hasten, or else to 
modify, the vulcanisation in certain ways. Lastly, there are a number of 
compounds which are employed to give the manufactured article some 
definite colour. It must not, however, be assumed that there exists a sharp 
line of division between the compounds of one group and those of the other 
two. Most of the filling agents more or less distinctly influence the vul- 
canisation ; some of the sulphur carriers might perhaps be employed as much 
for bulk-giving purposes as on account of their colouring properties. The 
above division into three groups is therefore in some cases somewhat 
arbitrary, but this objection is scarcely of sufficient weight to sacrifice to 
it the obvious advantages of the classification. In the present section we 
shall only deal with those inorganic compounds which are chiefly used as 
bulking or filling agents. 

It is almost needless to say that all filling materials to be used in india 
rubber should be chemically absolutely inert substances; they should 
not be appreciably affected by temperatures of from 180 to 200° C., and 
their solubility in water should be very slight—practically nil. That they 
should be free from impurities deleterious to india rubber goes without 
saying, but any danger in this respect is very remote. This makes it 
evident that the chemical points in relation to inorganic compounding 
materials are of a very simple description, calling rarely, if ever, for more 
than the most elementary chemical tests. The selection of the material to 
be employed for some particular mixing is, indeed, in the first instance more 
a matter of certain physical considerations than of chemical ones—in other 
words, the inorganic material to be ‘compounded’ with the india rubber is, 
in the vast majority of cases, selected simply on account of the physical 
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properties it confers upon the manufactured article. This is exactly as we 
should expect, considering that the vast majority of india rubber goods are 
subjected to physical wear only ; but it is, at the same time, obvious that in 
the manufacture of india rubber goods intended for use in chemical 
operations, the selection of the particular inorganic compounding material 
to be employed must primarily be influenced by the nature of the chemical 
influences to which the goods would be subjected when in use, and only 
such compounding materials should be used which behave as entirely 
indifferent substances under the chemical influences in question. 

Perhaps the most obvious effect of mineral ‘compounding materials’ in 
india rubber is their influence upon the specific gravity of the manufactured 
article. Indeed, this is so pronounced that the specific gravity of such an 
article is in certain circles still looked upon as a reliable criterion by which 
to judge its quality. Of course, I need hardly point out that the extensive 
employment of ‘substitutes’ has rendered this criterion largely illusory. 
Nevertheless, a high specific gravity is scarcely, if ever, looked upon as a 
recommendation in manufactured india rubber, and for this reaSon the 
choice of a particular compounding material is often dictated by the con- 
sideration of this point. Since, however, the addition of these inorganic 
bodies is chiefly made with a view of cheapening the manufactured product 
—in other words, to gain weight—it should be pointed out that the dete- 
rioration of quality caused in manufactured rubber by such addition is 
not merely a matter of their absolute weight, but.also of their bulk. The 
greater this latter, the greater the deterioration of quality in the product, 
so that on this account it would appear preferable to produce a desired 
increase in weight by using a compounding material of high specific gravity 
and small bulk, rather than one of low gravity and therefore large bulk, 
although it could not be said that this is the general practice in rubber 
factories. It must, however, be admitted that in cases where the article to 
be manufactured is intended to resist shocks (stability) rather than tension, 
a compounding material of smaller specific gravity is often to be preferred. 

The specific gravities of the more generally used inorganic compounding 
materials are as follows :— 


Material. Baek Material. fe 
Whiting, CaCO,, . . . 2°7-2°9 | Litharge; PbO, . ; P 9°3 
Plaster of Paris, CaSO,, ‘ 2°9 White lead, 3Pb0.2CO,.H,O, 6°1-6:2 
Gypsum, CaSO,,2H,0, . ‘ 3°2 Lead sulphate, PbSO,, ‘ 6°1-6'2 
Barytes, BaSO,, . : .  4°3-4°6 | Silica, SiO,(Infusorial earth), 1°66-1°95 
Magnesia, MgO, . ; .  8'2-3°6 | Lithopone, ZnS+BaSO,, . 3°6-4°1 
Magnesium carbonate, MgCO3, 2°8-3'1 | French chalk, Mg;Si,Oi.Ho, 

Zinc oxide, ZnO, .: : 5°6 China clay, Al,Si,O. Hy, 
Asbestos (Magnesium—Calcium 
silicate), . : Oy s 


It should, however, be pointed out that the physical constants shown by 


manufactured india rubber containing any of the above materials are by no 
11 
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means simply a function of the specific gravity of the latter. This, indeed, 
is only true of the specific gravity of the manufactured article. All the 
other constants vary in a manner which bears no relation to the specific 
gravity of the inorganic compounding materials used, and the cause of these 
variations is entirely unknown, It is most probably closely connected 
with the physical state or structure of these compounding materials. 

This matter is one of very considerable importance. A most valuable 
contribution on this point we owe to Huinzeruinc and Pauw.’ These 
authors prepared a large number of rubber mixings with a considerable 
variety of inorganic and organic admixtures, and submitted these samples 
after vulcanisation to a series of chemical tests, the tabulated results of 
which are reproduced 7m extenso below. 


All the samples were subjected to the following tests :— 


Sulphuric Acid.—The weighed samples were immersed in sulphuric acid 
of sp. gr. 1:1562 at ordinary temperature. After immersion they were 
dried, weighed again, and the changes which had taken place during 
immersion noted. For samples I. to XVIII, the time of immersion was 
20 days; for samples XIX. to XXXII., 10 days. 


Acetic Acid.—An acid of sp. gr. 10584 was used. The immersion was 
only continued for 3 days, the action of this acid being much more rapid. 


Caustic Soda.—A solution of sp. gr. 1°3084 was employed and allowed 
to act during 3 days. The weights and specific gravities of the samples 
before and after treatment were observed, as also in the case of the acetic 
acid and ammonia. 


Ammonia.—A solution of sp. gr. 0°9775 was allowed to act during 
4 days. 

Samples I. to XVIII. were washed after treatment with the above 
solutions, and dried for 6 hours at 100° C.; samples XIX. to 
XXXII. were, without washing, exposed to the air for 48 hours, and 
subsequently dried at 100° C. for 30 minutes. 


Colza Ott of sp. gr. 0°9102 was used, and the samples immersed in it 
during 5 days. In these, as also in the two following tests, the specific 
gravities of the samples before and after immersion were determined. 


Mineral Oil.—A lubricating oil of sp. gr. 0°8991 was employed. Time 
of immersion 5 days. 


A mixture of 90 per cent. of mineral oil and 10 per cent. of tallow was 
allowed to act upon the samples during 5 days at 100° C. 


1 Verhandl. d. Vereins z. Befird. d. Gewerbefl., Berlin, 1891-92, 
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To test the action of @/wminating gas upon the samples, the latter were 
during 20 days inserted in a tube through which the gas was passing to a 
burner. 


Changes of volume were determined by means of a micrometer capable 
of indicating 0°01 mm, 


The tensile strength was determined by means of a machine similar to 
those used for the determination of the strength of textile fabrics. The 
samples used for this purpose were 2 cm. long, 0°5 cm. wide, and 2 mm, in 
thickness, 


The changes of form were determined by means of a machine similar 
to those used for making crushing tests on building materials, and the 
samples were subjected to a compression of 4'9 kilos per square centimetre 
during one minute. The change in thickness of the samples under this 
test was determined by means of the micrometer, 

The changes of form under the influence of repeated shocks were 
determined by subjecting the samples to 50 blows of a hammer of 2 kgms. 
weight, falling each time through a height of 0°25 m. 

The nature of the deformations caused by steady pressure and by 
hammering respectively may be gleaned from the following figures A 
(crushed) and B (hammered) :— 


The tests of the behaviour of the samples against heat were carried out 
in an oven provided with a glass door, so that they were under observation 
all the time. The temperature was raised 10° C. every half hour until 
150° C. had been reached. , 


The electric insulation resistance was ascertained by means of WEBER’S 
electrometer. The samples were all heated for half an hour before being 
tested.t 


1 The above particulars of tests, as well as the following tables and conclusions, have 
been translated from SrELIGMANN’s French translation of the German original, which, in 
spite of many efforts, was inaccessible to me. For this reason I can only vouch for the 
conformity of my own with Seeligmann’s translation. 


(TABLES. 
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Chemical Tests. 


A.—Samples prepared to Author’s Instructions. 


Quantity and Nature of 


| | 


ie 
No. aS 
an 
2 
Le 90 
iB he 85 
hile 75 
Ve 80 
Vv. 50 
VI. 10 
VII 80 
VIII 50 
IX. 10 
xX. 50 
XI; 10 
XI. 50 
XIII. 10 
XV. 50 
eXeVabs 30 
XVII. : 50 
XVIII. 30 
XIX. 87 
XOX 87 
XXI. 75 
XXII 65 
Xe. Vis 75 
XXVI. 65 
XX VII. 85 
XXVIII. 80 
XXIX. 80 
XXX. 70 
XXXI. 60 
XXXII. 380 
Ta. a5 8 
ayHucu 
& B'S 
oO 


Hee ee ae en aE ona! iy Ser pega Ue es FU 


Admixtures. 


Golden sulphide, 3 


Golden sulphide, 
Zinc oxide, 
Zine oxide, 


Zine oxide, 
Zine oxide, . 
Chalk, . ° 
Zine oxide, . 
Chalk, 

Zine oxide, 
Chalk, . 

Zine oxide, 
Fluor spar, 


Zine oxide, 
Fluor spar, . 
Zine oxide, . 
Litharge, 
Zine oxide, 
Litharge, 


Brown substitute, . 
Brown substitute, 


White substitute, 
White substitute, . 


Magnesia, 
Slaked lime, . 
Paraffin wax, 


Paraffin wax, 
Turpentine, . 
Turpentine, . 
Glycerine, 
Glycerine, 


Bitumen, 
Bitumen, | 


Ground rubber waste, | 1°101 
Ground rubber waste, | 1°101 


0°925 


n.c. No change. 


Observations. 


All these samples were cured for 1 hour at a temperature of from 135 to 138° C., and at a pressure of 


from 45 to 53 pounds, 


Action of 
H.S04. 
Modifica- 
tions in 
Weights 
per cent. 


i eee 


Action of CoH 409. 


Modifications per cent. 


TT SS ——uuwW~€~ | —_—_—_—_—_—_—_——_—_——_ 
a 


+28°828 
+ 29°464 
+17°475 


_——— 


+31°730 
+12°765 
+23°711 


N.C. 

N.C. 
709 
970 
231 
4°273 
+ 5°063 


Cee | 
+2 
+ 4 
+ 


+ 2°197 


In 
Weights. 


+116°950 
+ 30°887 


+131°899 
+160°097 
+ 62°616 


4124-539 | 
+ 78-542 


+ 77°411 


+ 0°560 
+ 2°180 


+ 6°373 
+ 8°695q 
+ 18°718 
+ 6°297 
— 0°354 


Chemical Tests. 


n.c. No change. 


Action of NaOH. Action of NHg. 
Modifications Modifications 
per cent. per cent. 

In yor in In In 
Volumes. | Weights. | Volumes. | Weights. 

N.¢ — 4°354 N.C —0°727 
N.C. — 4°354 N.C — 0°974 
N.C. —4°271 N.C — 0°896 
1.€ — 2°871 N.C — 0°326 
N.C. —0°084 N.C. —0°314 
.C —0°087 N.C —0°779 
N.C — 2°824 N.C — 0°629 
N.C. =~ 2°059 N.C. —0°856 
— 0°892] —1°422 N.C —0°707 
— 1:000] —3°348 N.C — 0°455 
N.C — 2°160 N.C —0°512 
N.C, —1°158 N.C —0'011 
N.C. — 0°282 N.C — 0°388 
— 1°388} —5°745 N.C —0°'787 
N.C. —4°965 |— 3°571| —0°744 
— 7:017 | —9°723 | -—1°724| —2°147 
— 9°708} —9°658 | —1°941/ —1°'649 
m.c. | —1°321 N.C. — 0'°247 
— 0°847 | —6°569 N.C. — 0°327 
—10°588 | —5°602 N.C. —1°722 
— 7°692| —4°847| ne. — 2°882 
N.Cs —5°210 N.C. +0°239 
N.C. —5°961 N.C. +0°496 
— 5°940] —7°628 N.C. +0°309 
— 3°846| —7:°992 N.C. +3:°909 
N.C. — 4°382 N.C. +0°121 
N.C. — 3°425 WO + 0°225 
— 2°849 N.C. N.C. +0°718 
— 0°833 | —3°473 | +0°869 | —2°031 
N.C N.C N.C +1:°592 


Action of Colza Oil. 
Modifications in 
Volumes per cent. 


+ 23°214 
+20°617 
+ 28°431 
+ 25°242 
+32°110 


—_ 


+47°272 
+ 24°137 


+87°247 
+27°193 
+ 28°853 


+ 28°571 
+387 °894 


+28°712 


+21°428 
+ 20°339 
Sr glib ibd 2: 
+14°423 
+ 6°250 
+18°487 
+23°595 


Se 


+10°000 
+20°491 
+26°732 
+ 23°904 
+21°551 


Action of Mixture of 
Modifications in 
Volumes per cent. 


| Mineral Oil, 90 per cent.; 
Tallow, 10 per cent. 


| 


+ 
+ 53°846 
+34°615 
+21°782 
+58°'878 


+78°947 
+65°765 


+77°570 
+65°853 
+51°923 


+65'048 
+58°763 
+57°916 
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Action of Mineral Oils. 
Modifications in 
Volumes per cent. 


+42°718 
+39°694 
+51°485 
+39°423 
+ 43°519 


Modifications in 


Action of Coal Gas. 
Weights per cent. 


+36°440| + 7°674 
+40°178 | +10°863 


+46°296 | + 7°370 | 


+35°593 
+ 40°384 


+41°121 
+388°618 


+80°000 


+50°714 
+32°773 
+44°545 
+55°445 
+36°440 
+29°752 
+43°750 


+35°781 
+39°603 
+81°460 
+48°214 
+ 45°794 


+10°434 | +73°684 | +45°714 
+17°647 | +75°757 | + 40°740 


+14°150 
+15°781 


+28°461 


* 
* 


+53°846 
+47°000 


+54°198 


+ 5°821 
+ 8549 


+ 1°452 
+10°043 


+ 8°695 


+11°793 
+14°047 


+ 7574 
+ 7:987 
+10°1438 
+10°043 
+12°758 


+13°581 
+10°363 
+11°382 
+11°618 
+ 8°905 


+12°514 
+11°248 
+10°810 
+ 5°807 


+15°121 


* These samples dissolved entirely. 
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Physical Tests. 
Wyte Sy re ee 
A.—Samples prepared to Author’s Instructions. 


Modulus Distensi- 
Modulus fod 
of of Resist- bility 


Observations, 


Pressure in mm. 
3 | 443 ae ance per 
“oa 4 8 a8 Quantity and Nature of is aweres 1° mm. 100 mae 
ws a8 BS 
Mae grms grms 
T,5| 90-1103 tao a 0°999 48°5 213 | 1100 
II. | 85 | 5 | 10) Goldensulphide, . | 1°070 38°0 213 790 
Ill. | 75 | 5] 20} Golden eee, _ | 1101 47°5 259 850 
IV. | 80] 10 | 10} Zinc oxide, sit A087 48°5 427 825 
V. | 50|101| 40) Zinc oxide, . eel eee & 47° 480 725 
VI. | 10] 10) 80] Zincoxide, . . |1514| 8 | 48° 543 | 660 
5| Zine oxide, . , ; é 
SEL S| Soe Opie boll Bela tral icn bens Ap 4} ae nde Sunes cy 4 
vit. | 50 | 10 |{ 20| Zine oxide, . = -\ J y-205).-5 | 65-0 | 542 | 710 
3 20 Chalk, ae : : 5 
1X5]) 10 10s rei ieee I} 1452 = 69°0 653 665 
20) Zine oxide, ; ‘ 4 404 
a pOaLO lee Fluor spar, . } ane 33 oY e ik 
O25 ae Seis elit i ee ee 
40| Zinc oxide, . : . ‘ee 
pai Le ig eons oe a a \ 1602) 9 | 775 | 563 | 640 
20| Zine oxide, . ; : 
x1. | 50 | 10 } Bn NE ate } 1340] g 31°5 404 | 490 
40| Zinc oxide, . ; 2 rai 
XIIL | 10 | 10 )+ 4o| Litharge, ” ¢ 11569) = g | 8170 352 305 
XV. | 50; 10) 40) Brown substitute, op 10058 4 Wea eeee"b 220 750 
ae 
XVI. | 30] 10] 60] Brown substitute, . |1°052| S39 | 22°5 77 360 
So 
ef | M1 ——— — (05) ~ eee 
XVII | 50] 10] 40] White substitute, . |1°051] 33 | 16:0 66 600 
XVIII. | 30] 10] 60] White substitute, . |1°031/ @ 2 | 15-0 55 455 
Hom 
RIX yee. 10 3} Magnesia, : Sha ei BO ees eo 70°5 427 465 
XX,-} 87 >]107) 208) Slaketl Vinie 7h cen Oe yiee ee 225 665 
RXL 4): 75 310°} 16} -Parafiin waxss)* 4 2075 15°0 109 830 
o 
eS 
Se ed ee pe ee 6 — | -————— | __ 
XXII. | 6510 25) Paraffin wax, . ee eis | 14°0 115 1025 
XXV. | 75} 10] 15) Turpentine, . Sa ep te 15°0 96 825 
ee 
XXVI. | 65 | 10] 25] Turpentine, . . |1°065| & 12°0 51 630 
XXVIT. | 85} 10 5| Glycerine, ‘ gtd G2 tee 29°9 376 975 
XXVIII. | 80] 10] 10| Glycerine, . . | 1°060 e 25°5 365 1050 
XXIX. | 80110] 10] Asphaltum, . . {1-080/ ® | 45-0 | 342 | 950 
XXX. | 70/]10] 20] Asphaltum, . . [190857 2 67°5 407 875 
XXXI. 60 | 10 | 80} Ground rubber waste, | 1°101| 3 29°0 178 650 
XXXII. | 380 | 10] 60} Ground rubber waste, 1°101 = 25°5 156 600 
ae3 
Ia. [eas] 5 : 0°925 38°5 230 772 
= o's 
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Physical Tests. 


Change of Form under the Change of Form under the 


Influence of Strong Com- Influence of a Succession Fi a 
pression. of Blows. a7 
: ee 
aw @ +» $ a 2 o MB 
No. of om | 3 So i oh | 8 Sp | 2S Action of Heat. 
a3| #35 | #2 | <8. | a3 2 oan biped fc a 
BE = es oo FoBe| PS 2 So Zo 
‘aration. a | ao | 45 | 2S 18a as 
Se beh ssi ERS I Tt a Maker ey (ae A ae 
o s ow i =a 0 i | 
= 215 es he pa a nica 8a i 
mn & ay te ° 
= ; mm, | mm. | mm. | mm. | mm, | mm. mm. | mm. 
Teen SbL1s | O98 ry 9°00) 0-95 1) 1:64 | O71 |. 2°78 1.117 Normal. 
TeeGate aero 27) 9°00) 1815) 1568: 1:08" | 4°50 | .19 oy 
PEL rt 08er F167) 2:01 | 8:26.) 1°10: 1" 2240.1 ,0°09. | 5°00 6 “Ss 
PV eget Ol) 1°07 088. 9°507) 1700. | 131) 0°82 |:4°50 1-171 Pe 
Vet? | P15) 210°} 9'50:) 1°09 | 1°40 | ,.0°91 | 4°75 | 193 - 
VE E27 | 220° T11 | 9°50) 1°11 | 1°35 | .0:99 | 5°50 4 95 


XII. | 0°94] 0°89 | 0°85 | 8°25 | 0°93 | 1°15 | 0°82 | 3°50 | 225-7 » 


XIII. | 0°91 | 0°84 | 0°86 | 8°00 | 0°91 | 1°19 | 0°78 | 4:00 | 220°5 ” 
XV. | 0°85} 0:96 | 0°75 | 6°50.| 0°78 | 1:22 | 0°67 | 4:75' 9 Vapours on raising 


; temperature. 
XVI. | 1-19 }mensur-| 0-92 | 4:25 | 1-15 | 1:21] 0-91 | 5-00] 2 es 
jee ee a a dese = is (ea PES LR SAA I Ee 
Vl Oso0 ) oAc0) P0844. 5250" 1 1°02 21-105, 1-0°73.1 8 '7)) 50 + 
; nceom- 
XVIIL. | 1-00] 1-29 | 0°91 |mensur-] 0-94 | 0-96 | 0°64 | 4°50 | 222 if 
XIX. | 1°04] 1°08 | 1°03 |10°00 | 1°01 | 1:26 | 0°91 | 4°50 7°5 | Normal. 
Re eon doo 1:06 W850) eb 21-2 1255 1e.0:96.1°3'°25 9°5 . 
eA Ola (else O78: 1 7760. | 120°) 155 | 0°96) 18°25 ie 1 Vapours on raising 
temperature. 


e—— | | LL | | | LT 


—————— | | 


Dex) Leo 2p et OL | 7° 26.Ae 011 | 145 0°77 -1 5°75 1° 0 ys 
XXY. | 1°06} 1°25 | 0°97 | 8°50 | 1°16 | 1°54 | 1°01 | 3°25] 1:5 | Vapours at higher 
: temperatures. 
Pex Vib '02 |) 1°21 | 0°91 1° 8°50 |: 109° | 1°26. 1 0°82 14:00 | 115 + 
AAVIT. | 1°07) 1-41 | 1:00} 7°75 | 1°03 | 1°64 | 0°93 |4°25 | 8 ie 
peoey RIT. | 1°14,). 1°35 | 1:03 |. 8°00 | (1°16). 1°92-|..0°92 |. 2°50] . 5 


b 
Be 
4 
(ap) 
iow) 
_ 
oO 
~J 
oO 
Ne} 
Or 
Ne} 
am 
fon) 
jt 
— 
ie) 
pen 
bo 
for) 
e|¢ 
Ne} 
oy 
=a 
Or 
| 
ee | 
ee 


ee) 


Peel A, puro pl 92 jb) 4°50 13128 | 1°06 | 1°06 |.8°75 2 Normal. 
XXX. | 1°07 | 1°42 | 0°95 | 3°50 | 1°08 | 0°90 | 0:90 | 2°00 2 41 
AXXT, | 1°04] 1°35 | 0°91 | 2°50 | 1°08 | 0°91 | 0°91 | 2°75 3 
a 


5) 
AXXII, | 1:25) 1°44 | 1°17 | 4°50 | 1°42 | 1:08 | 1°08 | 4:00 9) 


Ta. | 1°38] 1°88 | 1°25 |10:00 | 1°88 | 1:29 | 1:29]7-75| 2201 4, 
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Chemical Tests. 


— ‘cial India Rubber Articles. 
B.—Commercia Action of CoH,0s, 


Action of 


os 2 HS04. Modifications 
eg ere Bee! B38 rial a2 per cent. 
Sa less mee RSS] Bey ions in 
5 as Quantity and Nature of oss] & ve 
No os ch Admixtures, ses ga Uh, dard 
SP By a ee ) Volumes, | Weights. 
tH ras] 
1 91 9 0 rae 0°990 | 0°999 | + 0°583| + 0°714| + 2°540 
2 82 8 10 Cheukioy.. . |1°100]1°111! + 0°998 | +19°083 | +387°688 
3| 481.6 } x Bares } 1°400 | 1:490 | + 0°402] +34-259 | +51°319 
ey carey {7 ae eng “} 1-400 | 1500 | — 1°427| +46-216 | +81°790 
j 16 | Golden sulphide, 
5 66 0 9 Chalk, : 1°200 | 1°304 | — 0°665 | +42°975 | +90°209 
( 9 Zine oxide, 
6| 70| 7| 28 | Chalk, . . . | 17165] 1-222] — 0°830| +87°190| +72°947 
” 92 0 8 Metal,? . 5 y 0°999 | 1-111 | — 1°168 | + 2°205 | +26°263 
elerel ee Cae tk \ 1-450 | 1°660| — 0°832| + 9-278 | +53°321 
( 6 -| Brown substitute, | 
30 | Chalk : : 3 : : ; 
9 58 0 5 Metal,1 + | 1°215 | 1°380 | — 0°532| + 7°627 | +78°623 
“rif 
er Paste,? ; | 
4 | Brown substitute, | 
10 | 386 6 27 Chalk, . >| 1°550 |} 1°720 | — 0°159 | +19°841 | +11°298 
{ 27 Zinc oxide, : ( : 
( 6 | Brown substitute, .) 
| | ; 
| 31] 6 4c Sanetter "| 1-600 | 1-806 | - 0-859) +21-481 | +18-589 
LS Mee aeL6, eae oy, 
( 4 Brown substitute, +) 
| 10 | Chalk, : 
3 | Zinc oxide, : 
12| 89] 0/4 3 | Metal,? . $| 1°650 | 1-920] +.1°303 | +15°126 | +381-422 
| 0°5| Paraffin wax, ; 
| 32 | Finor spar, : 
l 8 | Mixture,} Ap) 
( 8 | Golden sulphide, hi 
| 52 Chalk, a 
0:5 | Paraffin wax, | 
18 | 22 0 : 0-5| Paste, on n.c. |1°760 | +23°443 | +17°355 | +21°078 
| 11 Recovered rubber, | 
6 | Brown substitute, . J 
(40 | Chalk, -) 
25 | Zi x1 
14| 30] 0 : eet 4] me. |1°908] + 5°824| +21-705| +15-708 
\ 2° | Paste,? vl 
(18 | Chalk, a 
es Metal,? a] 
15 20 0 he eres a n.c. | 2°041| +41°666 | +21°538 | +15°228 
uor spar, , 
12 | Lead oxide, oJ 


For further information on these compounds, see page 174. n.c. No change. 
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Chemical Tests. 


: Action of NaOH. Action of NHg. taka 
a Modifications Modifications Goins ONL (Minerst Olle, POper eante 2]. Coal Gec: 
| No. per cent. per cent. Modifications) Modifications] Tallow, |Modifications 
‘a in Volumes | in Volumes | 10 per cent. | in Weights 
hy PER a een mung eee Tes! So aS cl DOT. cent, per cent. |Modifications| per cent. 
3 in Volumes 
By Volumes. | Weights. | Volumes. | Weights. per cent. 
q N.C. he 1°934 N.C. + 1°508] +18°045 + 36°641 +89°312| +12°431 
N.C. — 2°3382| + 3°987| + 3°357 + 6°666 +23 °664 +70°992 +12°139 
N. — 3°058| + 0°482|] + 4°809 +47°663| +381°428 +84°955 + 6°'027 
N.C. — 1°847| + 4°001| + 4°722| + 3°7038 +10°077 +55'118 + 5°596 
N.C. — 0°564 | +16°071 | + 2°877 + 6°140} +12°931 + 7°692 + 8°271 
N.C. — 1°534/ + 5°660| + 6°600) + 5°737| +12°068) +18°333) + 8°059 
—1°470| — 1°266 | +11°450 | +23°550 N.C. + 8°450 +84°677 + 8°413 
N.C. — 1°600 | +15°217 | +17°652 + 6°382| -+18°556 +54°347 + 4°836 
N.C. — 4°650 | +10°250 |} +22°405 N.C. + 5°024] +13°559 + 4°133 
N.C. —19°083 | + 6:299 1% 6°863 +27°480 +80°708 +81°679| + 4°494 


cs | gee cee pees | eS | a | cy | a LS | SD 


—0°699 | —20°551 |} + 4°347| + 6°238| +20°595| +21°428] +64:492| + 5°069 


mc, | —14°724| + 7°488| + 6°009| +27°168| +22°413|incommen-| + 5°848 
surable 

N.C. —- 1°60i1! + 9°090] + 8°391 +15°125 +14°876| +47°580| + 4°020 

N. — 1°655|} +10°156| + 8°665] + 7°031 + 8:'064 +33°343 + 3°837 

ne, | — 0°163| + 6°666| + 6°474| +10°687| +11°627| +27-480| + 3°122 


nm.c. No change. 


Physical Tests. 


pete ie 


B.—Commercial India Rubber Articles. 


iS) 


Bs fy 43 e 3 i) as 
a BA j u 
No BS 8 daisy Biren i wae aes 
4 D 2o Les © & 
28 |26 Ba" | BS 
ag eae Ua) as 0 | 0°990 | 0°999 
9|/ 82| 8| 10 | Chalk, . . |1°100 | 1111 
7 | Brown substitute, ; } 
1°400 | 1°490 
Boy) ou lege ag Zine oxide, ° 
27s Chalk, >. ; ; : ; 
4) 471 7|\16 | Zine oxide, : : lead) [oot 
16 | Golden sulphide, ; 
5| 66! 0 9 | Chalk, . -| 1°200 | 1°304 
9 | Zine oxide, 
6 : 707) 47a 23 eGhalks a : 1°165 | 1°222 
i 92 8 Metal,? . . oo] O5998" cla t 
16 Chalk, ; : . 5 
8) 1) 7 { 6. | Zinc oxide, . “} earabeey 
6 | Brown substitute, . 
9| 58) 0/)°5 |Meala | | p|1245) 1-820 
1221 sPasta,* 7: ; 
4 | Brown substitute, 
10 | 386] 6 |; 27 | Chalk, . ‘ ea] 2550 [15720 
27 | Zine oxide, : 5 
( 6 | Brown substitute, .) 
15 | Chalk : Sak oe : 
mo ee Ae { 40 | Zine oxide, ; [ eB geht Y 
(2eaiePaste ae 
( 4 Brown substitute, 25) 
10 | Chalk ; 
3 | Zine oxide, , 
T2389 15°01 3) 8a je Metal - -| 1°650 | 1°920 
| 0°5| Paraffin wax, . : 
32 | Fluor spar, : 
L 8 | Mixture, ig 
( 8 | Golden sulphide, -) 
| 52 | Chalk, : 
0°5 Paraffin wax, . : , 
i3 | 22] 0 , peepee TEL me | 1-760 
| 11 | Recovered rubber, . | 
L 6 Brown substitute, .) 
(40 | Chalk, . oa 
25 | Zinc oxide, ot ‘ 
14] 380] 0 | palenectin “}] me. |1°903 
2 Paste,» J 
18 | Chalk, -) 
f 3 | Metal, =| 
LE Sass; :0 2 | Paste,? ~t| me | 2°041 
35 | Fluor spar, | 
(12 | Lead oxide, au 
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Modulus 
of Pressure 
per 1?mm. 


43 


15 
16 


31°5 


12 


36 


24 


38°5 


22°5 


Modulus 

of Resist- 
ance per 
1? mm. 


173 


86 
25 


81 


116 


161 


61 


1 For further information on these compounds, see page 174. 


me 


235 


190 
110 


145 


110 


550 


310 


270 


140 


110 


n.c. No change. 
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Change of Form under the 
Influence of Strong Compression. 
No. 3s i 3 bl 
22 | #34| as | abe 
ae | 802) 22 | ssa 
p= => aS Repet->| 
mm. | mm. mm. mm, 
Hees Onim eG 20-1 de29 
126 i°76> od 24 5°50 
S LO 127i 104 7°50 
4) 1:18 1-1°25 |- 1°04 5°25 
Border O 1520.1 1°08 6°50 
ee bbl Reon ico 3278 ln a 3 7°25 
Tale ee 06*}) O91 7°50 
(12°50) 
8 | 0°39 | 0°76 | 0°82 7°50 
(13°25) 
9 | 1°12] 0°82 | 0°87 9°25 
(14) 
10 | 1°29) 1°35 | 1:20 7°05 
Pie iot kal h27 6°50 
Pad 20-| 1°21 4 1°04 6°50 
(12°50) 
to L1G.) 1°91 | 1°18 6°25 
14 | 1°27 | 0°78 | 1°07 8°25 
(14°50) 
15 | 1°31] 0°88 | 0:90.) 8 
(15°50) 


COMPOUNDING MATERIALS. I7I 


Physical Tests. 


Change of Form under the 


Influence of a Succession of Blows. 


Action of Heat. 


—————|- ——$—S—$S | ———s 5 —————— | | LS 


| © a3 n Z o = 3 on 
24 | ssh) gs | S25 
fa |See| 88 | ge 
mm, mm, mm, mm 
Va) 30451 1418 2°75 | Normal. 
1:32 | 1:72] 1°08] 1-50 _ 
1°14 | 1°48 | 1°02 4°75 | Evolution of vapours on 
raising temperature ; 
yellow discoloration 
due to substitute. 
1°28 | 1-42 | 1°07 4°50 | Develops discoloration 
and brittleness. 
HO9sie P16 peor 5 At 150° becomes soft and 
spongy. 
POR et SG aso 5°25 | Becomes hard and brittle. 
1:24} 1:01 | 0°90 | 6-25 is te Bs 
0°92 | 0°87 | 0°75 7 Blisters and turns hard. 
Tare .0:86- Po os 9:24 | Turns still harder than 
preceding sample. 
12936450 be 4 At from 40 to 50° curls 
and breaks, 
138 4 6cr ol 24 5:25 | Curls. 
24s el OSe sels Oo 7 Turns very soft. 
1°23) (107, 1.1208 9 Turns spongy, and above 
(12) 130° breaks. 
124) 1°06". 1:03 9°25 | Becomes brittle. 
(12°50) 
1°82 | 1°22 | 1:04] 8:25 | Becomes spongy and 
(12) brittle. 
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See ee 


Action of C2H40o. 


Modifications per cent. 


Volumes, | Weights 
N.C + 0°746 
N.C — 3°501 
+2°608 | — 4°989 
N.C — 7°345 
N.C — 9°197 


——————— 


+2°000 | - 0-114 
N.C. N.C. 


+3°200 +25°454 


+4°964 | +61'148 
N.C. -— 1°296 
N.C. — 2°886 
NC N.C. 


. 


Modulus | Distensi- 
of Resist- | _ bility 
tance per in mm. 
12mm. j|per100mm. 
grms. 
105 145 
142 175 
46 135 
69 145 
244 17D 
197 185 
341 190 
122 275 
55 285 
3890 105 
272 101°25 


excellent | excellent | incommen- 


surable 


Oe 


172 
Chemical Tests. 
C.—Samples of Ebonite Manufactures. 
Action of 
HyS04. 
Pa Modifica- 
Die : ; tions in 
24/188 : 3% | Weights 
83 | Bo a 
aa | me NS 
MR NE Ne Vo oe De 0 SiN sah AEA a a er 
XXXIII. 80 | 20 0 3 1°095| — 2°028 
10 | Turpentine, . ns E 
XXIV.) 60.) 20400 poem \ nc. | +15°133 
15 | Turpentine, . 5a : 
XXXV. | 50] 20/435 | Goleshony? f nc. | — 2°018 
XXXVI. 60 | 20] 20) Asphaltum, . 5 n.c. | +28°531 
XXXVII. ; 40| 20] 40] Asphaltum, . | nm.c. | — 9°504 
XXXVIII. 70 | 20} 101] Vermilion, 1°177| — 3°225 
| XXXIX. 60 | 20] 20] Vermilion, 1°384) +17°551 
: 10 | Turpentine, . ° ; a Oh 
ALi |(M07] o@OUt ail ae ae. et } 1-275} — 2-603 
10 | Turpentine, . ; - i 
XLI-| 107) 20.14/65! lattes uae, “} 1°311| — 7°880 
10 | Turpentine, . Liat BRAS st: 
XLII. 40 | 20 30 | Magnesia, , iy 1°203 4°203 
ie 10 | Turpentine, . : 4 mete 
XLII. | 10 | 20,14 49 \iMednosie, ‘} 1:428| — 8-333 
XLIV. 657)» 20 ase ; Nts N.C. 
Physical Tests. 
C.—Samples of Ebonite Manufactures. 
= Modulus 
Sos 3 ce of Pressure 
No E 8 |xs Quantity and Nature of == aE oe 
: en |S Admixtures. 2s 
calc no 
S 3 
eS M 
grms 
XXXIII. 80 | 20 0 ie 1°095 43°5 
10 | Turpentine, . : 
BERIV. |) 60 |(20 1) 45" |aoeonene es ut \ nc. | 15 
“15 | Turpentine, . E 
ARV. |.00 | 201252 | Guenaen oe a } ne. | 12 
XXXVI. | 60] 20) 20 | Asphaltum, . 3 N.C. 17 
XXXVII. | 40] 20| 40 | Asphaltum, | n.c 24 
XXXVIII. | 70 | 20} 10 | Vermilion, Paddy i bei br a 32: 5 
XXXIX. | 60/20] 20 | Vermilion, . | 1°384 61 
Hl & 10 | Turpentine, . : 94 
XL. | 40 2 30 | Slaked lime, . ms } pies aa 
10 | Turpentine, . : : 
XLI. 109.20 60 | Slaked lime, . . } eae oh 
10 | Turpentine, . : : 3 
UL | 40] 20 |} 39 | Magueda” 2 7 f/1-208] 81-7 
eee f 10 Turpentine, ‘ } | } ” 
XLUL | 10 | 20/1 65 | secon *}iaazs | 25-9 
AGE 65. | 35 af N.C. 
n.c. No change. 
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Chemical Tests. 


Action of NaOH. Action of NH. ya d c Wed, Pane 
a Modifications Modifications per : : 3 2 3 = re 5 @ 3 & ~ 3 
ih per cent. cent, a= Py DB Rage. an 
. o:3 0 aa WS ag ve OD 
be No. OR Sse de ot OBA 
4 Sad wes sorta 3 qs 
a age | Cee | eOkse | gga 
a Volumes. | Weights. | Volumes. | Weights. 3 S'S Ss a Sea = a Bs a 
ee “ele £P) tee | > 
a 8 Ee RR = = 
a ; XXXII. | me — 2692; me. | +0°490 | +12-068| + 7°874] +20°000 | +11°629 
a XXXIV... N.C, — 1°426 N.C +0°611 |} + 2°728 N.C. + 2°982 | +11°339 
B | XXXV.|.nc | - 0187| me | 40-428) + 1428] me. | + 6-293 | + 8-053 
; XXXVI. | nec. | — 0112] me. | +0°344| + 6°440| + 1°418] +26°086 | +11°804 
,, XXXVII. N.C. —- 3192} me +0°488 | + 4°918| + 1°515| +16°883 | +10°062 
B |XXXVII.| me. | — 8:182] me | 40406] me. | +11°956| 441-758 | + 8°571 
y XXXIX. N.C — 2°361| ne +0°281 N.C. + 7°777 | +338°707 | + 0°581 
. XL. | ne | -'1:404] me. | -0°689) + 0°862| + 0°862| +20°000 | + 9-311 
Ml XLL | - 2-054 | -14:145 | -1:351| -8-198] ne. me. | + 7'284 | + 7°296 
q XLII. N.C, —- 1:°278| me. +0°396 N.C NC N.C + 7°472 
XLIII. N.C. — 0°539) me. +0°396 N.C. N.C N.C. + 4°510 
ALIV. | mc. —- 0°646/ ne. N.C. MC. | 1.6. N.C + 3°569 
Physical Tests. 
Change of Form under the In- Change of Form under the i = 
fluence of Strong Compression. | Influence of a Succession of Blows. Sar 
es 5, Action of 
det » oH » o 
No. a spe : ae ae Ni ~& ote, : 2 og : ZA Heat. 
S| eoh| BE | Seo] 238 | ase) 68 | SES | gE 
Me} SnR |) 20 | S88) Fe | ea") 20 | SSR | 8a 
ae a “e oe i = = m2 ro) 
mm. mm. mm, mm. ; mm. mm. nim, mm. 
ARAL e285 bs L441 17 4°50 | 1°26 2S) Ny 120 N.C. 103 Si Some : 
a ; : : : . volution o 
XXXIV. | 280] 1-71) mc. | 10°50| 2:38 | 2°25 | 225 | 1000 | 575 || Menno 
XXXV, | 1°04) 0°89'| 0°89} 11°50 |.2°07 | 1°57) 1°57 N.C. 8 >» 
Dee eiO) el bon t66-), LE 00d 102 i167 L675 | 11°25 60 | Becomes soft. 
eV EDs 2) 7D) 141) 1°58). 1-19°25.) 2°81 2°24) 2°25.) 11°00 2 9 
XXXVIIL. | 0-96| 0-86 | 0:87 | 10-00 | 0-98 | 0-87 | 0-87 | 11-25 | 111 | Normal. 
XXXIX. | 0°91] 0°89 | 0°89 | 10°00 | 0°95 | 0°93 | 0°93 | 10°00 46 33 
XL. | 1*207) E425)" 1°02"). 7504 1722 | 1°41. |, 0°98 6°50 | 105°5| Evolves H,S. 
XLI. | 1°56 | 1°67 | 1°21 | 8°50 | 1°36 |broken| 7.c. N.C. 3 » 
XLII. | 1°32| 0°79 | 0°89 12°50 0°97 | 0°76 | 0°89 | 11°50 | 220 Normal. 
XLIII. | 0°61) 0°50 | 0°50 | 11-25 | 0°62 | 0°55 | 0°57 | 11°00 | 218 " 
ee eo 227-1 1°27, 10°00 1.1725, | 1°29 | 1°29’ \splintered’|. 68 ” 


eee! 
n.c. No change. 
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The vulcanising compounds repeatedly alluded to in the foregoing 
tables are ‘secret’ preparations, the employment of which, as is evidenced 
by the behaviour of the samples prepared with them, generally results in 
the production of defective goods. Pann and Herzeriine have analysed 
these products and found their composition as follows :— 

Metal.—A mixture of sulphur with the constituents of ultramarine. 

Paste.—Paraffin wax, or a mixture of resin with certain organic 
residues: the whole dissolved in turpentine, and mixed with plaster of 
Paris, lime, and magnesia. 

Mizxture.—A solution of regenerated rubber in turpentine. 

The following are the conclusions arrived at by Pann and HEINzERLING 
at the end of their numerous and laborious experiments :— 

1. All organic or mineral additions diminish the elasticity of soft rubber 
goods; vulcanisation with 10 per cent. of sulphur produces the best results 
in point of elasticity. On the other hand, certain organic substances such 
as turpentine, colophony, asphaltum, and likewise certain inorganic 
compounds such as vermilion and slaked lime, not only do not diminish 
the elasticity, but often even increase it. 

2. The resistance to pressure of soft rubber goods is, to a certain degree, 
increased by the addition of asphaltum, chalk, fluor spar, zinc oxide, and 
especially by calcined magnesia. The resistance of hard rubber is increased 
by the addition of vermilion and of magnesia, likewise by prolonged 
vulcanisation and a higher proportion of sulphur. All other additions of 
inorganic and organic compounds, with the exception of asphaltum in 
small quantity, decrease the resistance, 

3. Additions of mineral substance such as zinc oxide, litharge, chalk, 
magnesia, lime, also asphaltum and glycerine, improve the mechanical 
strength of soft rubber. Provided certain limits are not exceeded, this is 
also true for hard rubber containing asphaltum, turpentine, and colophony, 
together with chalk or magnesia. On the other hand, the mechanical 
resistance of india rubber is sensibly diminished by the addition of — 
vulcanised oils (substitutes), turpentine, and paraffin wax. 

4, The opinion that pure india rubber mixed with sulphur is the best 
wmsulator is erroneous. Mixtures of india rubber with zine oxide, lime, 
magnesia in small quantities, antimony pentasulphide, brown substitute, 
white substitute in very small quantities, turpentine, colophony, and 
paraffin wax all give superior results. Especially mixtures of india rubber 
and paraflin wax stand out very prominently in this respect. Vermilion 
and litharge, on the other hand, reduce the dielectric properties of india 
rubber, and magnesia in large proportions has a similar effect. The 
worst results under all circumstances are obtained with cold cured india 
rubber. 

5, All mixtures of india rubber with organic compounds give off 
vapours at temperatures from 130 to 150° C. For articles which in use 
are exposed to higher temperatures, such admixtures should therefore be 
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avoided. The other compounding materials generally behave well in this 
respect. 

6. All mixtures containing chalk, fluor spar, litharge, and zinc oxide are 
strongly acted upon by sulphuric and acetic acid. The action of these 
acids always causes a considerable increase in weight due to the formation 
of either insoluble or basic salts, 

The destructive action of all oils upon india rubber is more particularly 
checked by the addition of litharge and zinc oxide; other inorganic ad- 
mixtures are much less effective. The mixtures examined in the foregoing 
tables are not sufficiently modified by either the alkalies or coal gas to 
allow any definite conclusions to be drawn. All organic admixtures 
protect the compound more or less from the corrosive action of the acids. 

7. There is a general tendency in india rubber containing inorganic 
admixtures to harden and become brittle on prolonged storing. They also 
offer less resistance to mechanical influences, but their insulating power 
appears to remain unimpaired. 

All those who have any practical acquaintance with the manufacture 
of india rubber goods will entirely agree with the above conclusions, 
considered merely as general statements. But while I respect the 
enormous amount of painstaking work accomplished in these tables by the 
authors, I nevertheless think it should be pointed out that the value of 
the tables (A) is much diminished by the fact that all the compoundings 
were vulcanised under identical conditions of temperature and pressure and 
time. But, at the same time, the ratio of sulphur to rubber varies 
enormously, from 10 to 100 per cent., so that practically in each test the 
most important of all vulcanising conditions, the ratio (sulphur : rubber), 
will not bear comparison with any of the other tests. Therefore the 
difference in the degree of vulcanisation of the different samples must have 
been enormous, even if we leave altogether out of account that, for the 
same ratio of S/R, the degree of vulcanisation in samples vulcanised under 
' identical physical conditions varies very considerably with the nature and 
quantity of even such inorganic admixtures which we know to be indifferent 
to sulphur. For these reasons I fear that these tables do not give us any 
very reliable indication of the influence of the inorganic and organic 
admixtures experimented with upon the manufactured india rubber. 
This uncertainty, no doubt, affects the chemical tests to a very considerable 
degree, but even more so the physical tests. 

As regards the tables (B), I must confess to being altogether unable to 
comprehend the meaning of these compoundings, the greatest part of 
which appear to me as extraordinary specimens of the ‘rubber mixer’s’ 
fancy and imagination. Perhaps my experience of rubber manufactures 
is not sufficiently extensive, but, excepting the first nine specimens, I 
certainly must confess that I could not name any article which might 
be manufactured from the compoundings specified from No, 10 onwards. 


CHAPTER V. 
VULCANISERS AND SULPHUR CARRIERS. 


‘a chemical and physical aspects of the vulcanising process have been 
fully dealt with in the foregoing chapters, not only as regards the vul- 
canisation with sulphur and chloride of sulphur, but also as regards the 
various other processes proposed at different times, and perhaps also 
practised, though, no doubt, often experimentally only. The question of 
vulcanisers and sulphur carriers from the manufacturing point of view is, 
however, well worth a separate discussion, for not only are commercial 
brands of sulphur, chloride of sulphur, and the various recognised sulphur 
‘ carriers apt to vary in composition, but also to contain impurities 
capable of affecting the india rubber detrimentally. A constant control of 
the vulcanising materials used in the factory is therefore one of the most 
important tasks of the rubber works’ chemist. 

Sulphur.—<As is well known, sulphur exists in a number of modifica- 
tions, which, apart from their morphological distinctions, differ from each 
other, in some cases considerably, in their physical properties, and show 
also unmistakable, if slight, differences in their chemical behaviour. We 
possess at present no positive information which would enable us to decide 
whether these differences have any effect upon the vulcanising properties 
of these various modifications. Since the vulcanising temperatures lie 
more or less considerably above the melting point of sulphur, it might, 
perhaps, a@ priore be assumed that no such differences in the vulcanising 
properties of the various modifications of sulphur can exist, but it is not 
at all improbable that differences of molecular aggregation and configura- 
tion of at least some of these modifications actually persist in the fused 
sulphur, and some little support for this proposition is perhaps to be found 
in the empirically established fact that the different kinds of sulphur not 
infrequently produce rather different vulcanisation results. This applies 
more particularly to the crystalline, as distinguished from the amorphous, 
kinds of sulphur. 

The modifications of sulphur are very numerous, and the subject is by 
no means exhausted from the scientific point of view. We need not, how- 
ever, deal here with the rare and somewhat doubtful modifications of this 
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element, but confine ourselves to the commonly occurring ones. These 
are :— 

I. Ordinary Rhombic (Octahedral) Sulphur.—M.P. 111-114°C., B.P. 
448°C., Sp. Gr. 2°060 to 2°070. 

II. Monoclinic (Prismatic) Sulphur.—M.P. 117:4-120° C., Sp. Gr. 1958. 
This modification is rather unstable, and readily reverts to the first and 
denser modification, 

These crystalline modifications are very soluble in carbon bisulphide 
and in a large number of organic solvents. It is, indeed, questionable 
whether any organic body exists which does not dissolve sulphur, Some 
of the determined solubilities are :— 


100 parts of Carbon bisulphide at 15° C. dissolve 37 parts of 8. 


9° > 93 > 9? 46 >> 73 9°) 9) 
‘3 », Benzene eo - O96 a) -y >, rae 
bP) > 27 2) 71 o> 4°377 +) be] 
bi) +e) Toluene 9 23 oi) 1°479 bie > 
35 ;, ther te D : OPO 2a as 
a », Chloroform sys a L950) 2) ome 
a » Phenol », 174 = TES "rare 5 
os ,, Aniline », 1380 - BO FU ue ee 


The solubility of sulphur in acetone I found to be as follows :— 


At 10° C., : : ; 0°04 per cent, 
5) 22°5 Pwnneeee pectin OROR, Ss 4, 
¥» 56 eet, PA Ober Sy 


ITI. Amorphous Sulphur.—This seems to exist in a great number of 
varieties. Most of the amorphous varieties are insoluble in carbon bi- 
sulphide, but, according to Drvittx,! these are to a considerable extent 
soluble in chloroform, ether, and alcohol. The conditions determining the 
reversion of insoluble to soluble sulphur were investigated by Ktsrrer,? who 
showed that the two modifications not only differ in their molecular | 
weights, but that they must be regarded not only as physical, but also as 
chemical isomers, comparable to the allotropic modifications of oxygen. 

Very finely subdivided sulphur is at ordinary temperatures slowly 
oxidised by atmospheric oxygen. This is, no doubt, the reason why the 
variety known as ‘flowers of sulphur’ invariably contains a small amount 
of sulphuric acid, occasionally as much as 0°5 per cent. In this respect 
it is, however, remarkable that the still much more finely subdivided ‘ pre- 
cipitated sulphur’ very rarely shows any trace of acidity. 

The chiefly used commercial varieties of sulphur are :— 


. Sulphur sticks. 

. Flowers of sulphur. 

. Milk of sulphur. 

. Precipitated sulphur. 


m Oo ND Ht 


1 Journ. prakt. Chem., 56, 359. 2 Zischr. f. anorg. Chem., 18, 365. 
12 
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1. For the analysis of sulphur in sticks or lumps, in which form it is 
generally used for ‘sulphur baths,’ a determination of the ash present is 
all that is required. This is carried out by careful ignition of a few grammes 
of sulphur in a porcelain crucible, and weighing the residue. 

Arsenic occurs only in very minute quantities in Sicilian sulphur, but 
not inconsiderable quantities are often to be found in ‘recovered’ sulphur. 
It may be present in the form of arsenious acid or as arsenious sulphide. 
The presence of these compounds is detected by treating the carefully 
ground sample at a temperature of 80° C. with a 10 per cent. solution of 
ammonia, filtering, and evaporating the filtrate. Or the filtrate is acidu- 
lated with hydrochloric acid, the arsenious sulphide which separates out 
filtered off and determined separately, while the arsenious acid in the 
filtrate is determined by the well-known methods. 

Selenium, which occurs not infrequently, is of no account for the 
purpose of vulcanisation ; moreover, it is only present, if at all, in extremely 
small quantities. 

2. Flowers of Sulphur call for rather more careful analysis. The ash 
is determined as above described. The acidity is ascertained by suspend- 
ing 5 to 6 grms. of the powder in from 80 to 100 c.c. of water and titrating 
with a 5}, standard solution of caustic soda. As the ‘flowers’ are only 
with great difficulty wetted by the water, it is to be recommended to 
weigh the quantity to be used for titration in a dry wide-necked flask, 
and moisten the sulphur with a small quantity of alcohol. If now the 
water is added, a good suspension is readily obtained. The total acidity 
ascertained is calculated as sulphuric acid. How much acid is admissible 
must, of course, somewhat depend upon the quality of the products for 
the vulcanisation of which the sulphur is to be employed ; but considering 
how greatly even a very small amount of sulphuric acid may affect the 
resiliency of india rubber articles, not more than 0:2 per cent. should ever 
be allowed, and for all those goods in which either high elasticity or 
lightness of colour are important considerations, sulphur containing acid 
should be altogether avoided. 

In many cases flowers of sulphur contain a somewhat large amount of 
moisture. This should be determined by drying in a desiccator at ordinary 
temperature. Drying in a stove, owing to the not inconsiderable vapour 
tension of sulphur at 100° C., is apt to give entirely erroneous figures. 

I consider it further desirable to determine the proportions of soluble 
and of insoluble sulphur by treating for an hour 5 grms. of the sample 
with 50 c.c. of carbon bisulphide, shaking the mixture at frequent intervals. 
The solution is separated from the insoluble portion by filtration, and the 
filter residue washed with a small volume of carbon bisulphide. The 
filtrate and washings are collected in a weighed flask. After distilling off 
the bisulphide and drying the flask while still hot by a moderate air blast, 
the amount of soluble sulphur is ascertained by weighing. The insoluble 
portion, of course, represents insoluble sulphur, ash, acids, and moisture. 
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It is surprising how tenaciously rubber manufacturers cling to the use 
of flowers of sulphur for vulcanising purposes, considering that this 
product is one of the most variable and impure forms of commercial 
sulphur. 

3. Milk of Sulphur.—Under this name a product is offered which is 
supposed to offer advantages over flowers of sulphur. All the samples I 
have met with contain a more or less considerable amount—20 to 30 per 
cent.—of calcium sulphate. Very often this product contains also soluble 
salts, in which case it is invariably strongly hygroscopic. As often as not, 
free acid is present. Altogether, there is nothing in this preparation to 
recommend it to the rubber manufacturer. 

4, Precipitated Sulphur.—This, undoubtedly the best of all forms of 
sulphur for vulcanising purposes, is prepared by the precipitation of 
sulphur from the solutions of polysulphides with hydrochloric acid under 
closely defined conditions. It forms an impalpable powder presenting, 
under the microscope, the appearance of very small globules of amorphous 
sulphur (see fig. 11), but is completely soluble in carbon bisulphide. It 
should not contain more than 3 per cent. of moisture, nor more than a 


trace of ash. Neither should it contain any matter soluble in either water, 


dilute hydrochloric acid, or dilute ammonia. 

Panu and HEINZERLING (see page 174) describe, under the names of 
‘Paste, Metal, and Mixture,’ certain vulcanising compounds which are 
more or less complicated mixtures of quite a variety of heterogeneous 
substances. These preparations are at best utterly worthless; the prices 
at which they are sold bear no relation to their intrinsic value, and, un- 
fortunately, their continued existence is an undeniable proof that the india 
rubber industry still harbours and encourages the technical superstitions of 
the dark ages. 

Chloride of Sulphur.—This product, sulphur monochloride S,Cl,, is 


extensively employed for the process of vulcanisation in the cold. The 


closer the composition of the commercial product corresponds to the 
theoretical figures calculated for S,Cl,—Cl, 52°51 per cent. ; S, 47°-48—the 
better. Commercial sulphur monochloride may contain either free sulphur, 
of which it is an excellent solvent, or an excess of chlorine in the form of 
the dichloride SCl,. Both impurities are known to occur not uncommonly. 
While free sulphur, however, only becomes objectionable if its amount 
exceeds certain limits, the presence of sulphur dichloride, in however small 
a quantity, should not be tolerated. Excess of sulphur may cause an 
efflorescence, technically termed ‘sulphuring up,’ of sulphur upon the 
vulcanised surfaces, which, although objectionable from the point of view 
of appearance, does not affect the soundness of the vulcanisation ; but the 
presence of comparatively small quantities of the dichloride produces a 
disagreeable and more or less pronounced hardness in the india rubber. 
The cause of this is, of course, perfectly obvious, and lies in the excessive 
chlorination of the india rubber. 
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The commercial article is by no means very constant in its composition 
and properties, and the products of different makers differ widely. Con- 
sidering what was said above respecting the presence of either sulphur or 
chlorine in sulphur monochloride, and further, bearing in mind the serious 
difficulties which are likely to arise through unnoticed variations of the 
chloride of sulphur used for either the vulcanisation of india rubber or 
for the manufacture of white india rubber substitutes, the urgent necessity 
for the continuous analytical control of the chloride of sulphur used in a 
rubber factory is very obvious. It may safely be asserted that the 
mistrust with which the cold vulcanising process is frequently regarded is 
in a large measure due to the indiscriminate use of chloride of sulphur of 
varying composition. 

Sulphur monochloride in the pure state forms a reddish-yellow liquid. 
Its specific gravity at 16°7° C. is 1685 according to Kopp, 1°6826 according 
to Fawsirr. There appears to be some uncertainty about the boiling 
point, the temperatures stated by various authors ranging from 136 to 
idee OF 

The colour of the commercial sulphur monochloride varies! from a 
bright amber to an almost ruby-coloured liquid, but none of these varieties 
possesses a constant boiling point. The following are the boiling points of 
two typical specimens of the commercial product, which are respectively 
described as ‘yellow product’ and ‘red product’ :— 


100 c.c. yield Yellow Product. Red Product. 


5 c.c. at 181° C. 1287C, 
10s 132 129 
YAN ons 133 136 
60 ,, 135 135 
ie 135 135 
80.:,, 135°5 135°5 
Mee 135°5 135°5 
0s. 135°5 136 
95 1385°5 136 


9 


On analysis these two products were found to be composed as follows :— 


Yellow Product. Red Product. S,Cl, (calcul. ) 
Sulphur, ; . 49°39 per cent. 46°02 per cent. 47°41 per cent. 
Chlorine, . . 50°60 rs 53°97 vad 52°52 . 


These data show that an even slight excess of chlorine causes a con- 
siderable depression in the boiling points of the lower fractions. But it 
will also be observed that even the ‘yellow product,’ containing a slight 
excess of sulphur, possesses a range of boiling points extending not in- 
considerably below the true boiling point of sulphur monochloride. The 
cause of this is by no means certain, but probably finds its explanation in 

* It will be clearly understood that the boiling of S,Cl, is perfectly constant—z.e., not 
accompanied by any decomposition. H@éxN’s contradicting statement (Gummi Zeitung 


[14], 1899, p. 84) is entirely erroneous, The irregularity of the boiling point of the 
commercial article is, of course, due to its impurity. 
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the law of partial vapour tensions as exhibited by solutions of two volatile 
bodies—S,Cl, and S. 

It is peeeare ever necessary to make a complete analyeie of sulphur 
chloride. For practical purposes it is sufficient to determine the quantity 
of one of its constituents, and determine the amount of the other by the 
difference. This calculation is carried out by estimating the amount of 
chloride of sulphur corresponding to the estimated percentage of that 
constituent, the amount of which falls short of the theoretical figure. The 
amount of chloride of sulphur thus ascertained is deducted from 99°99, and 
the difference then shows the absolute excess of the constituent over the 
theoretical figure. Thus we find, on comparison of the analytical figures of 
the yellow product, as above quoted, with the theoretical figures given, that 
it contains less than the theoretical amount of chlorine—50°60 instead of 
52°52 per cent. But 50-60 per cent. of chlorine represents 96°34 per cent. 
of chloride of sulphur §,Cl,, and deducting the latter amount from 99° OD; 
we obtain the absolute excess of free sulphur present as 3°65 per cent. In 
exactly analogous manner the absolute excess of free chlorine present in the 
above quoted ‘red product’ is ascertained as 3°05 per cent. 

The analysis of chloride of sulphur is, according to Fawsirt,! carried 
out in the following manner :— . 

1. Sulphur.—Small, weighted, thin-walled glass bulbs are filled with the 
chloride of sulphur ; the points are then sealed in a gas flame for the pur- 
pose of weighing. After ascertaining the weight of the chloride of sulphur, 
the point is broken off, and the bulb immersed in 25 ¢.c. of concentrated 
nitric acid in a small flask. If necessary, the rate at which the reaction 
proceeds is moderated by cooling the flask. If sulphur separates out, this 
is oxidised by the addition of potassium chlorate. Oxidation being com- 
pleted, the contents of the flask are emptied into an evaporating dish, the 
flask washed with warm water, the washings added to the acid in the dish, 
and the whole evaporated until all the nitric acid has disappeared. This 
operation may be hastened by the addition of hydrochloric acid. The 
residue is finally dissolved in water, and the amount of sulphuric acid 
formed determined by weighing as barium sulphate. 

2. Chlorine.—One of the bulbs containing a weighed quantity of 
chloride of sulphur is allowed to drop into a 250 c.c. glass-stoppered flask 
containing water or weak caustic soda solution. The contents of the flask 
are repeatedly and violently shaken. The decomposition being completed, 
the flask is filled up to the mark with water. An aliquot part of the 
solution is then taken, neutralised with caustic soda, boiled for a few 
minutes, and subsequently acidulated with nitric acid. Any sulphur 
separating out is filtered off, and the hydrochloric acid present in the 
filtrate determined in the well-known manner. 

Of these two processes the first gives very satisfactory results, but the 
operation is by no means a pleasant one, It becomes rather troublesome if 

2 Jowrn. Soc. Chem. Ind., 1886, p. 638. 
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sulphur, the oxidation of which is sometimes very tedious, separates out. 
The method for the determination of the chlorine is very unsatisfactory. 
Should the small bulb fail to break on shaking the flask, the completion of 
the decomposition may require days. The process is very slow under all 
circumstances, and cannot safely be accelerated by heating. Of course, as 
I have shown above, it is quite sufficient to determine only the percentage 
of sulphur contained in the chloride of sulphur, and to calculate from this 
figure the chlorine. In this case Fawsrr1’s above described method may 
be used. 

I prefer, however, the determination of the chlorine by the following 
method as a quicker and even more accurate process :—Place in a weighed 
200 c.c. flask (glass-stoppered) about 10 c.c. of the chloride of sulphur to be 
examined, and ascertain the weight of this volume; then fill up to the 
graduation mark with pure benzene. Of this solution run 5 c.c. into 20 c.c. 
of a solution of sodium ethylate contained in a wide-necked flask of about 
150 c.c. capacity. The solution of sodium ethylate contains 5 grms. of 
metallic sodium in 100 ¢.c. of absolute alcohol. The mixture is then very 
gently shaken, allowed to stand for an hour on the water bath, evaporated 
to dryness, and subsequently heated for one hour in a water oven. The 
contents of the flask are then dissolved in about 75 c.c. of boiling water 
faintly acidulated with nitric acid, 10 c.c. of a 10 per cent. solution of cupric 
sulphate added, the whole heated for a few minutes on the water bath, 
filtrated, and the filter residue washed with hot water. In the filtrate the 
chlorine is then determined as silver chloride. The results obtained by 
this method are very accurate. 

The treatments of rubber with either sulphur or chloride of sulphur are 
the only methods at present employed for vulcanisation. It is true other 
methods have been suggested and often also practically tested, but none 
have gained a foothold in manufacturing. Girarp’s process of treating 
the india rubber for three hours in a solution of calcium pentasulphide 
(1205 sp. gr.) under a pressure of 60 pounds (140° C.) yields very satis- 
factory results, but the method offers no advantage over the ordinary 
processes. It is, nevertheless, worth remembering that the principle 
involved in this process—vulcanisation with molecular sulphur in a 
nascent state—would, if a substance could be found by means of which it 
could be employed successfully, lead to very considerable and highly desir- 
able improvements of the vulcanising process (cf. page 106). Fawsirr’s 
process’ is not so much a new vulcanising process, as one based upon 
the employment of a new sulphur carrier, antimony iodide. For a variety 
of reasons also, this process proved not more than a partial success, and 
though much was expected of it, it never came into general use. My own 
process” is a much simpler application of the same principle, and is also 
rather cheaper. It allows the shortening of the time of vulcanisation by 
almost one half, or else a reduction in the same proportion of the amount 

1 Eng. Pat., No, 17,197, 1890. 2 Ibid., No. 16,937, 1900. 
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of sulphur employed. Lither of these alternatives represents a very 
important advantage, consisting either of a substantial saving of time—v.c., 
increased power of production—or in a very large reduction of the amount 
of free sulphur contained in the india rubber, thus entirely preventing the 
objectionable appearance of the rubber ‘blooming’ or ‘sulphuring up.’ It 
is, however, impossible at the present moment to say whether the process 
will bear the test of time. 

Lead Thiosulphate and other Lead Compounds.— Various prepara- 
tions of lead thiosulphate occur in commerce under the trade designation 
of ‘Hypo’ and ‘Black Hypo.’ A compound may be manufactured in the 
wet way by precipitating a solution of lead nitrate with an equivalent 
quantity of sodium thiosulphate. The product, if carefully prepared, 
forms an almost white, micro-crystalline powder; or a plumbago-coloured 
product may be obtained by heating a mixture of white lead and sulphur. 
The first of these two preparations is technically pure lead thiosulphate 
(PbS,0,) ; the second contains varying amounts of this salt, lead sulphate, 
lead sulphide, and considerable quantities of unaltered white lead. ‘To 
the lead sulphide it owes, of course, its greyish-black colour. 

‘Hypo’ is frequently advertised as an infallible agent for the prevention 
of ‘sulphuring up’ of rubber goods, and as a vulcaniser, the use of which 
does away with any risk of overcuring. Both statements are more or less 
obvious exaggerations, and probably every experienced rubber manufacturer 
has seen goods produced with ‘ Hypo’ damaged by ‘sulphuring up’ or by 
overvulcanisation, or by both. 

The truth is that ‘ Hypo,’ like all lead compounds, acts as a sulphur 
carrier, and thus facilitates the vulcanisation ; and there is also no doubt that 
the presence of lead sulphide has a restraining influence upon the further 
addition of sulphur to rubber as soon as a certain degree of vulcanisation 
has been reached. In this sense ‘Hypo,’ or, rather, the lead sulphide into 
which it is converted during vulcanisation, has the property, within certain 
limiting conditions, of reducing the risk of overvulcanisation. From 
experiments I have made, it appears, moreover, that ‘Hypo,’ or, at least, 
that part of it which may be described as lead thiosulphate, is by itself 
capable of producing vulcanisation. A series of experiments which I made 
leave no doubt on this point, and the explanation of this fact is probably 
to be found in the circumstance that one of the decomposition products of 
lead thiosulphate under the influence of high temperature is sulphur : 


4Pb8,0, = PbS + 3PbSO, + 2S, 


Lead thiosulphate is, therefore, more properly described as a vulcaniser 
than as a sulphur carrier, but in the exertion of its vulcanising properties 
it forms at the same time, according to its above suggested decomposition, 
two sulphur carriers—lead sulphide and lead sulphate. Of these, as might 
be expected, lead sulphide is much the more active. 

The most generally used sulphur carrier is, however, neither lead 
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thiosulphate nor lead sulphide, but lead oxide, commonly known as 
litharge. 

While there is no doubt respecting the accelerating effect of these lead 
compounds upon the rate and the amount of the sulphur addition in the 
vulcanising process, the nature of this action is very little understood. It 
is generally assumed that in the first instance lead sulphide is formed, and 
that this exerts the above named accelerating effect by the intermediate for- 
mation of unstable polysulphides. But even taking this view as correct, this 
assumption cannot be said to be an explanation. Indeed, the very difficulty 
of an explanation of this ‘catalytic’ action lies in the fact that the energy 
transformation due toa certain reaction remains absolutely the same, how- 
ever many intermediate phases or reactions we interpolate between the 
limiting terms of the reacting system. 

To the rubber manufacturer these sulphur carriers are of very ocon- 
siderable importance, their use enabling him to increase the degree of 
vulcanisation within considerable limits without recourse to either an 
objectionable excess of sulphur, undesirably high temperatures, or very 
undue prolongation of the vulcanising process. The beneficial effect of 
these sulphur carriers in these respects is so marked that at the present 
time the majority of rubber goods in which a white or drab colour is not 
essential contain more or less of one of the above named substances. 
Litharge especially is very freely used for this purpose. 

Whether litharge acts in the india rubber as a sulphur carrier only is 
by no means certain. That it may act also in other ways is to be inferred 
from the observation, which is quite familiar to most india rubber workers, 
that mixtures of india rubber with a large proportion of litharge are apt to 
become very hot during their treatment between the mixing rollers. In 
extreme cases the mixture, in spite of its high temperature, grows con- 
tinually harder, until eventually it forms a mass of crumbs or flakes 
possessing little cohesion and adhesiveness, and which can no longer be 
rolled into a sheet. The cause of this behaviour is unknown, but will 
probably be found in the incontestible fact that india rubber absorbs a not 
inconsiderable amount of oxygen while it is being worked upon the mixing 
rollers. This oxidation process is intensified and accelerated by the litharge 
present, which is known to act as an oxygen carrier. Certain it is that none 
of the other lead compounds! used in conjunction with india rubber 
exhibit this action in the slightest degree. 

A complete analysis of the above named lead compounds may, of course, 
under certain circumstances become necessary, but is not necessary for 
ordinary purposes. The following tests will usually suffice :— 

Lead Thaosulphate.—Composition PbS,0,, containing 64°89 per cent. 
of lead. Commercial samples should not contain less than 60 per cent. of 
Pb. This is ascertained by boiling about 1 grm. of the sample with dilute 


1 Not even white lead, which, according to its approximate formula (PbCO3), Pb(OH)s, 
contains about 31 per cent. of lead hydroxide. 
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nitric acid (10 per cent. HNO,) until the precipitate is perfectly white, and 
the supernatant liquor free from lead. The precipitate is then filtered, 
washed neutral, dried, removed from the filter, placed in a crucible for 
about fifteen minutes heated to a temperature not exceeding 130° C., and 
subsequently weighed. The yield of PbSO, thus obtained should not be 
less than 88 per cent. Lead thiosulphate should be almost completely 
soluble in a 20 per cent. solution of ‘sodium thiosulphate at a temperature 
not exceeding 50° C, 

Black Hypo.—This product is extremely variable in its composition, 
representing generally a mixture of lead carbonate, sulphide, thiosulphate, 
sulphate, and free sulphur. Occasionally the product bearing this name is 
simply a mixture of lead sulphide with sulphur. For the purpose of ana- 
lytical control, a determination of the total lead and of the free sulphur 
present is sufficient, but what there should be in amount it is impossible to 
say. The analyses will therefore have to be made in reference to an 
adopted standard. 

Litharge, PbO.—If it is thought desirable, the total lead present may 
be determined by dissolving a weighed quantity in nitric acid, with 
addition of a crystal of oxalic acid, precipitating the filtered solution with 
sulphuric acid, and weighing the lead sulphate precipitated. Litharge 
sbould always be tested for the absence of lead peroxide and copper. 
Dissolve a small quantity of the sample in as little nitric acid as possible. 
A dark, blackish-brown residue dissolving after the addition of a small crystal 
of oxalic acid indicates the presence of lead peroxide. The solution obtained 
is now treated with sulphuric acid in slight excess, the lead sulphate pre- 
cipitated is filtered off, and an excess of ammonia added to the filtrate, 
when the presence of copper is shown by the appearance of the well-known 
blue coloration. 

Red Lead is frequently used in small quantities in rubber mixings, with 
a view to ‘harden’ the rubber. I do not consider this as a satisfactory 
addition, as this hardening effect is obviously due to a partial oxidation of 
the india rubber, which appears to me to be a particularly undesirable 
manner of obtaining such an effect, which can, moreover, be produced by a 
variety of other means in quite an unobjectionable manner. 

Antimony Pentasulphide.—Antimony pentasulphide, Sb,S;, com- 
mercially known as ‘ Golden Sulphide,’ is the most important and the most 
efficient sulphur carrier used in conjunction with india rubber. It is 
looked upon by many, not only as a sulphur carrier, but as a vulcaniser 
itself. This view is, however, based upon undoubtedly erroneous observa- 
tions, The pure pentasulphide is quite incapable of effecting the vulcan- 
isation of india rubber. Commercial pentasulphides will indeed vulcanise 
india rubber without special addition of sulphur, but this is simply due to 
the fact that they all contain free sulphur in quantities ranging from 5 to 
as much as 30 per cent. This free sulphur, at any rate as far as the 
lower percentages are concerned, cannot be looked upon as a mere 
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adulteration, for, without entering into any details of its manufacture with 
which in this place we are not concerned, there is no doubt that the amount 
of free sulphur in a given sample of pentasulphide plays a determining 
part in the production of a pentasulphide of a certain colour. 

The colour of golden sulphide varies from a full orange-tan colour to 
almost a purplish-scarlet, German rubber manufacturers preferring the 
former, their French colleagues the latter variety, whilst in English 
factories an intermediate shade is almost exclusively used. 

The properties of antimony pentasulphide are rather interesting. 
Heated to the boiling point of sulphur, 448° C., with exclusion of the 
air, it decomposes into antimony trisulphide, Sb,S,, and sulphur. Treat- 
ment with hydrochloric acid in the cold produces exactly the same 
decomposition. Ammonia dissolves it on gentle heating, any antimonious 
acid, Sb,O,, and free sulphur present remaining undissolved. The be- 
haviour of different samples of pentasulphide with boiling carbon bisulphide 
varies very considerably, in some cases reduction to Sb,S, taking place. 
Equally marked is the behaviour of different samples on drying them afi 
110° C. 

Considering the fact that even in products of the same colour the per- 


centage of free sulphur present may exhibit considerable variations, it is 


evident that, apart from the question of colour, all samples and deliveries 
of antimony pentasulphide should invariably be analysed. The neglect of 


this precaution is likely to cause most objectionable variations and difficulties 


in the vulcanising process. 

The most obvious method for the determination of the amount of free 
sulphur present—by the extraction of a weighed quantity of the sample with 
bisulphide of carbon—cannot be employed in this case, owing to the more 
or less pronounced decomposing action of this solvent upon the penta- 
sulphide. Short of the rather tedious complete analysis, the most satis- 
factory test consists in treating a weighed quantity of the sulphide with 
strong ammonia, and heating very gently on the water bath. The penita- 
sulphide rapidly dissolves any antimonious acid, the sulphur present 
remaining behind. The solution is filtered, the filter residue washed with cold 
dilute ammonia until the washings, on acidulation, no longer yield a deposit 
of pentasulphide. The filter and its contents are dried at 60° C. and treaited 
with carbon bisulphide in a Soxhlet extractor, the extract being collected 
in a weighed flask. The residue remaining on the filter after extraction is 
antimonious acid, which isremoved from the filter, dried, and weighed. | Of 
course any adulterants would likewise remain undissolved on the filter, ae 
it is very rarely that such adulterants occur. 

Zinc Sulphide and Lithopone.—Zinc sulphide is an excellent erst eat 
to compound with india rubber, but its high price on the one hand, and its 
yellowish colour on the other hand, restrict its use very considerably. ; It 
is, however, very largely used in the form of the brilliantly white pigment 
known as ‘Lithopone.’ This product is formed by the simultaneous pre- 
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cipitation of barium sulphate and zinc sulphate by the interaction of 
barium sulphide and zinc sulphate: 


Ba(SH), + ZnSO, = BaSO, + ZnS + HLS. 


Accordingly, lithopone should contain at least 29 per cent. of zinc 
sulphide, and no product containing less should be accepted, as this would 
involve a decrease both in covering power and efficiency in the vulcanising 
process. 

Lithopone is by far and away the best material to use in ‘drab’ 
rubber goods which are subjected to the action of alkalies, but should be 
rigorously excluded from all goods subjected to the influence of acid 
solutions. 


CHAPTER VI, 
INDIA RUBBER SOLVENTS, 


Tux importance of solvents for india rubber in manufacturing has been well 
put forward by Hancock! himself, who notes that “it is a singular 
fact that, although this substance had attracted the notice of chemists 
from the earliest date of its importation into Europe, and some of the 
ablest had employed themselves upon it, they failed to discover any means 
of manufacturing it into solid masses or to facilitate its solution. I was 
at first imbued with the notion that, to make it useful, I must find a good 
solvent ; and I think my first experiments were directed to some attempts 
to dissolve it in oil of turpentine, but I found I could only make very thin 
solutions, and these dried so badly, or, rather, not at all, that they were 
useless. The oil of turpentine then procurable was no doubt of inferior 
quality ; when pure, it dries perfectly. This was about the year 1819.” 

As the result of this failure to discover a satisfactory solvent for india 
rubber, which would have enabled Hancock to utilise the rubber scraps 
which were fast accumulating at his works, he attempted to find a mechan- 
ical treatment to attain this end, and already, a year later, in 1820, he 
accomplished this important task by the construction of his ‘ masticator.’ 
It was, however, not until two years later that he discovered that this 
masticated rubber dissolved with the greatest facility in ‘good oil of 
turpentine.’ 

These earliest experiences show already very clearly the fact that the 
solubility of india rubber depends as much upon its physical condition as 
upon the nature of the solvent. It may, indeed, be stated that a homo- 
geneous rubber solution cannot be produced without either first changing 
the physical condition of the india rubber by mechanical working, or by 
mechanically working the gelatinous magma produced by the treatment of 
unmasticated india rubber with solvents; and to obtain the best results, 
it is necessary to work the india rubber mechanically prior to its immer- 


1 Personal Narrative of the Origin and Progress of the Caoutchoue or India Rubber 
Manufacture in England. By Thomas Hancock, of the firm of Charles Macintosh & Co., 
London and Manchester. London: Longman, Brown, Green, Longmans, & Roberts, 
1857 (p. 2). 
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sion in solvents, and to subject this crude solution to a further process 
in machines constructed upon the familiar principle of the paint-grinding 
mill. The necessity for these mechanical operations lies, of course, in the 
fact that all varieties of india rubber appear to contain, besides the soluble 
india rubber, a further product (see page 8), which, although insoluble, 
swells to enormous dimensions in the rubber solvents. As long as this 
substance is present in the form of particles of appreciable size, the ‘rubber 
solution’ will appear lumpy or thready, and the effect of the mechanical 
working consists simply in reducing these insoluble masses to particles of 
imperceptible size. This is done far more effectively by the mastication of 
the rubber than could be accomplished by the working of it after solution. 
It will be observed that this insoluble compound behaves in this respect 
much as the ‘fatty substitutes,’ which cannot be satisfactorily introduced 
into a rubber solution or dough after the rubber has once been dissolved, 
but have to be reduced to imperceptibly small particles by being ‘dry 
mixed’ into the rubber in a roller mill. At the same time, there can, 
however, be no doubt that the trituration of the insoluble constituent is 
not the only effect of the mastication of india rubber. The india rubber 
hydrocarbon itself undergoes some peculiar modification in this process 
which certainly renders it easier soluble, and which is also capable of 
profoundly altering its behaviour in the process of vulcanisation. Nothing 
is known respecting the cause of this remarkable phenomenon, and equally 
striking is the fact that the rubber films resulting from the evaporation of 
the solvents from coatings spread with solutions of india rubber in differ- 
ent solvents exhibit striking differences in their chemical properties. This 
applies even to solvents which may be considered to be closely related 
chemically to each other, such as the various terms of the hydrocarbons 
of the aromatic and aliphatic series respectively. In practice, this would 
mean that we cannot indiscriminately substitute one solvent for another, 
and leave the other manufacturing operations out of consideration, without 
some change in the state and properties of the manufactured products. 
This is a point which at the present time is very little appreciated. 

1. Coal Tar Naphtha.—This is by far and away the most generally 
used india rubber solvent, and it is unquestionably also the best. Its 
composition is subject to very great variations, which chiefly depend upon 


‘the demand for benzene and toluene on the part of the coal tar colour in- 


dustry, and as far as benzene is concerned, also on the demand of that article 
by gas works. It goes without saying that the price of the ‘solvent 
naphtha’ also closely follows the benzene market—indeed, this extends even 
to the prices of petroleum spirit and Scotch shale naphtha. It is therefore 
obvious that not only will the price of coal tar naphtha, but also its com- 
position, vary considerably according to the demand for various specific 
fractions of the coal tar hydrocarbons.! Not infrequently are the varia- 


1 The effect of the excessively low prices, which, during the greater part of the last 
two years, were quoted for benzol, furnish an instructive example of this. At the time 
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tions due to higher prices to the advantage of the rubber manufacturer, 
those due to lower prices being to his detriment. In either case it is desir- 
able, in the interest of uniform production, to test the boiling points of 
solvent naphtha deliveries. 

Of the aromatic hydrocarbons occurring in coal tar, of course, a limited 
number only can, or should be, present in a good solvent naphtha, which 
should not contain more than 5 volumes per cent. of substances boiling 
above 150 or 160° C.—preferably the lower limit. Of aromatic hydro- 
carbons, only the following can therefore occur :— 


Boiling Point. 


Benzene, able a 3 rest 81°C. 
Toluene, C,H, . . ° - 111 
Orthoxylene, { 141 
Metaxylene, | cathe ; : ; : 140 
Paraxylene, ( 138 
Styrene, GnH gs ats ; , : 146 
Mesitylene, CyoHia - : ; ; 163 
Pseudocumene, CyHjpo, . ; : ; 166 


It is, of course, also possible for aliphatic and olefinic hydrocarbons to be 
present in solvent naphtha, but their quantity will always be very small.. 
‘The customary methods of refining solvent naphtha, if properly carried out, 
would, at any rate, tend to completely eliminate the olefinic hydrocarbons. 

The above named series of aromatic hydrocarbons represents a range of 
boiling points from 81 to 166° C., and this would fairly correspond to a 
solvent, 95 per cent. of which boils at 160° C., some part of the higher 
boiling fraction being carried over at temperatures at and below 160° C. in 
the ratio of their vapour tensions at these temperatures. The evaporation 
of benzene and toluene at ordinary temperatures is, however, so considerable 
that the presence of large volumes of these hydrocarbons in the solvent 
naphtha would cause considerable inconvenience and loss at the early stages 
of manufacturing, and for this reason good solvent naphtha should contain 
no benzene and only very little toluene. In short, the initial boiling point 
of solvent naphtha should, in my opinion, be not lower than 110° C., and it 
is highly desirable that 95 per cent. of such a naphtha should distil only a 
few degrees above 150° C.—the fewer, the better. Accordingly, the range 
of boiling points of a good naphtha should not appreciably exceed 40°C. It 
will be found that a solvent of this description answers admirably for the 
most important purposes of the rubber manufacturer. For the production 
of a few specialities, such as quick drying ‘solution’ or ‘varnish,’ it is 
scarcely volatile enough. Nor should it for this purpose be mixed with 
benzene, as is often done under the mistaken impression that this renders 


benzol was 7d. per gallon, ‘solvent naphtha’ had fallen to 11d., and it was therefore 
greatly to the interest of the distiller, though not of the rubber manufacturer, to send 
out in the solvent as much benzol as possible. The result of this was that solvents 


which formerly used to show an initial boiling point of 107° C., now began to boil at 
85° C., or lower. 
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the solvent quick drying, but, as a matter of fact, only renders the drying of 
the solution more erratic. The only satisfactory procedure is in this case 
to employ a differently constituted solvent—say, one boiling from 110 to 
140° C. In other words, if for some purpose or other we require a 
‘lighter’ solvent, the usually adopted method for procuring it by mixing it 
with fractions reducing only the initial boiling point of the original solvent 
is, at best, only a rather inefficient make-shift. To ‘lighten’ a solvent, its 
terminal boiling point should be lowered by keeping out the fractions of 
highest boiling point. The constriction of the range of boiling points thus 
effected may then be compensated by the addition of fractions of a lower 
boiling point. 

The use of almost pure benzene as a rubber solvent for manufacturing 
purposes has sometimes been suggested, but apart from the fact that its 
boiling point is altogether too low, and its volatility far too high, for most 
practical purposes, the use of a homogeneous solvent possessing almost a 
constant boiling point results in solutions or ‘doughs’ drying from the 
surface and yielding harsh and rough coatings. Waterproof cloth produced 
with such solvents often exhibits the very objectionable defect of curling— 
z.e., the cloth curls towards the proofing surface. The cause of this 
phenomenon lies in too ‘light’ a solvent being employed. The coating of 
india rubber dough on the cloth dries from the surface, the latter therefore 
hardening and contracting, while the lower strata, still containing the 
solvent, cannot contract proportionately. This differentiation in the 
stresses of the different strata of the rubber coating becomes permanently 
established if the goods are cold cured, and the inevitable result is a 
curling or cockling waterproof cloth. This is the simple explanation of a 
defect which has numberless times caused great annoyance and loss to 
manufacturers, and the occurrence of which is generally looked upon as a 
great mystery. 

The specific gravity of solvent naphtha is, on the whole, a rather im- 
material point bearing little or no relation to its boiling point. Beside the | 
latter, it is of no importance whatever, unless, indeed, the solvent be bought 
by weight, which is very unusual. As a knowledge of the specific gravity 
of a solvent gives no tangible information respecting its quality, this 
constant calls for no special observations. 

The usual method observed in rubber factories for ascertaining the 
boiling point of a given sample of solvent naphtha consists in distilling 
100 c.c. in a fractionating flask over a naked flame at the rate of two drops 
per second. The distillate is collected in a graduated cylinder (100 c.c.), 
and the successive temperatures, and the length of time during which each 
fraction distils over, are noted. The following table contains a number of 
such tests selected from many hundreds of records. There is, however, a 
second method, which, as a commercial test, is much used. In this method 
a tubulated retort of about 250 c.c. capacity is used charged with 100 c.c. of 
the naphtha, and a thermometer is so fixed in the tubulus that its bulb is 
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exactly within three-eighths of an inch from the bottom of the retort. 
Accordingly, the thermometer is immersed in the liquid, and the tempera- 
ture noted at which the first drop of the distillate passes over into the 
receiver. The first method is certainly preferable from the rubber 
manufacturer’s point of view. The second method is altogether antiquated ; 
it is open to a number of grave objections, although the English benzol 
trade adheres to it with its characteristic conservatism. 

The most satisfactory method for ascertaining the boiling point of coal 
tar naphtha is one which was first proposed by Bannow in 1886, and 
which has been very generally adopted. The apparatus used consists of 
the following parts :— 

1. An almost spherical flask of 150 c.c. capacity made of copper 0°6 
to 0°7 mm. in thickness. Its diameter amounts to about 66mm. The form 
and dimensions of the neck are clearly shown by the accompanying fig. 16. 


4) mm #8 
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Fic. 16.—Diagram of distilling flask for benzene (naphtha) test. 


2. A dephlegmator made of glass, and consisting essentially of a glass tube 
of about 14 mm. diameter and 150 mm. in length, the middle part of which is 
expanded into a bulb of moderate size. Near its upper end this tube carries 
aside tube of about 8 mm. diameter, the two joining at nearly a right angle, 
as shown in fig. 17. 

The distilling flask is mounted on a draught-proof stand, the construc- ~ 
tion of which is clearly indicated in the diagram. The top of this stand is 
formed by a stout asbestos board in which a circular central opening 50 mm. 
in diameter is provided. This distilling apparatus is joined to a condenser 
80 cm. in length, and so inclined that the difference of level between its two 
ends is 10 cm. 

The flask is filled with 100 ¢.c. of the naphtha, and the distillation is so 
conducted that about 5 c.c. of distillate are obtained per minute, or approxi- 
mately two drops per second. Distillation is continued until 95 ¢.c. have 
passed over, the distillate being collected in a graduated 100 c.c. cylinder. 

The thermometer used should be made of thin glass, and its diameter 
should not exceed 7 mm., although it may be less. The bulb of the thermo- 
meter should occupy the centre of the bulb of the dephlegmator. 
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By means of this apparatus the boiling points of a number of rubber 
solvents recorded on the following page were obtained. 

Of these samples, No. 1 is a little too high in boiling point, but other- 
wise satisfactory. No. 2 is, however, distinctly preferable. Nos. 3, 4, 6, 
and 7 refer to tests of a special brand of solvent naphtha, which is 
extensively used for waterproofing purposes. No. 3 is a thoroughly good 
type of this solvent, but, of course, there is, in employing it, a rather consider- 
able loss amounting, on the average, to about 10 per cent. before it reaches 
the spreading machine. With the solvents 1 and 2 this loss is very slight 
indeed. No, 4 shows what the solvent No, 3 degenerated into at the time 
benzol had reached an unprecedentedly low price. The test shows that at 
least 50 per cent. of the solvent, and probably a good deal more, consisted 
simply of benzol. Seeing that, at the same time, the price of this ‘special 
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Fic. 17.—Diagram of distillation apparatus for benzene (naphtha) test. 


solvent’ was more than twice that of the benzol, it is evident that this 
adulteration was highly profitable to the maker, and proportionately 
detrimental to the user. No. 6 has throughout rather too low a boiling 
point, and this applies even more to No. 7, the range of boiling points of 
which is far too short, and much too low at the higher end. 

A solvent naphtha furnishing a satisfactory boiling point test cannot, 
however, for that reason at once be passed as meeting all the requirements 
of the rubber manufacturer. Such a solvent may yet contain a number of 
impurities, the presence of which might not, and, indeed, in the majority of 
cases would not, appreciably affect its boiling point, but would, neverthe- 
less, greatly prejudice its adoption. 

The most important impurities are :—carbon bisulphide, naphthalene, 
pyridine and its homologues. Adulteration of solvent naphtha occurs very 
rarely, and the only possible adulterant is petroleum spirit. 

The detection of carbon bisulphide may be carried out by means of the 
xanthate test. For this purpose 100 ¢.c, of the naphtha are distilled, and 
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the first 10 c.c. of the distillate are shaken with 10 c.c. of standard alcoholic 
potash, slightly warmed, and allowed to stand for about an hour. Part of 
the alcoholic solution is then moderately diluted with water, and a solution 
of lead acetate added. A white precipitate is obtained in the absence of 
carbon bisulphide, its presence being indicated by the formation of a yellow 
or yellowish-brown precipitate. This test is, however, not very sensitive. 
More satisfactory is the sulphocyanide test. It is carried out by treating 
the first 10 c.c. of the distillate as above mentioned with 10 ¢.c. of alcoholic 
ammonia, shaking the mixture, and heating gently. The whole is then 
evaporated to dryness, the residue taken up with a little water, and with 
ferric chloride, tested for the presence of sulphocyanides. This test is much 
more delicate than the first named, but, of course, scarcely suitable for the 
determination of the quantity of carbon bisulphide present. This is best 
carried out by means of the hydrazine test, which is also the most satis- 
factory test for the ready detection of even minute traces of carbon 
bisulphide.t In carrying out this test, a few drops of phenylhydrazine 
(free base) are added to about 10 c.c. of the solvent, and the mixture is 
allowed to stand for about two hours. As long as the quantity of carbon 
bisulphide present is not less than 0-02 per cent., a more or less abundant 
erystallisation of phenylhydrazine—phenylsulphocarbazinate 


S.N.H,.C,H, 
és 
ie 


is obtained. The crystals are filtered off into a weighed Gooch crucible by 
means of a vacuum pump, 25 c.c. of pure benzol being used for the purpose 
of washing, and the crucible is then dried for one hour in a vacuum 
desiccator. The weight of the precipitate may then be ascertained by 
weighing crucible and contents. By multiplying the quantity of the 
phenylhydrazine compound thus ascertained by the factor 0°26, the 
quantity of carbon bisulphide contained in 10 c.c. of the solvent is obtained. 
This test is much more sensitive than the disagreeable test with triethyl- 
phosphine. 

The presence of carbon bisulphide in solvent naphtha is objectionable 
only from the hygienic point of view. As small a quantity as 0-1 per cent. 
is quite sufficient to make itself noticeable in the atmosphere of even a well- 
ventilated spreading room, and the baneful effects of carbon bisulphide 
upon the workers render the absence of this substance in the solvent 
naphtha absolutely imperative. There is, moreover, no excuse for its 
presence in solvent naphtha, possessing, as it should do, an initial boiling 
point considerably above 100° C. 

Naphthalene, which was at one time a very frequent impurity in 
solvent naphtha, now very rarely occurs. Its presence in any apprecl- 
able quantity is highly objectionable on account of the very persistent 


1 LIEBERMANN and SEYEWwETzZ, Ber., 24, 788. 
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strong smell it imparts to the manufactured goods, The methods for its 
detection are obvious. 

Pyridine and its higher homologues occur with surprising frequency in 
solvent naphtha, apparently often escaping the refining process with 
sulphuric acid. They are objectionable, in the first instance, on account of 
the extremely acrid and irritating odour they impart to the atmosphere of 
the spreading rooms, and also on account of their undoubtedly detrimental 
action upon india rubber. For hygienic and technical reasons it is there- 
fore equally desirable to possess a ready means of detecting their presence 
in solvent naphtha. This is much more difficult than would at first appear, 
chiefly owing to the fact that it is practically impossible to completely 
extract pyridine and its higher homologues from solvent naphtha by means 
of dilute acids,! and the difficulty is further increased by the circumstance 
that the evaporation of dilute aqueous solutions is impossible without total 
loss of the pyridine. The following technical test gives, however, entirely 
satisfactory results, and is of quite sufficient sensitiveness for the purpose. 

100 c.c. of the solvent are energetically shaken with 100 c.c. of water in 
a separating funnel, and the liquids are then allowed to separate. About 
15 c.c. of the water are then filtered through a dry filter into a test tube, 
a few drops of a 10 per cent. solution of cupric sulphate added, and the 
contents of the test tube heated to boiling point. If the liquid remains 
perfectly clear, the solvent is either free from pyridine, or its quantity does 
not reach 1 part in 1500 parts of naphtha (0°06 per cent.), Anything 
from the faintest to a pronounced bluish-white turbidity, but not leading 
to an appreciable precipitate of the same colour, after thirty minutes’ 
standing, indicates an amount of pyridine ranging in proportion from 
1: 1500 to 1: 1000 (0°06 to O°l per cent.). If the amount of pyridine 
present at all exceeds 0°1 per cent., a more or less copious precipitate is 
obtained. If the amount of pyridine present exceeds 0°3 per cent., 
turbidity is at once produced in the aqueous extract on adding to it the 
cupric sulphide. The sensitiveness of this test is exactly coterminous with 
that of the normal sense of smell for pyridine—7.e., a solvent naphtha, 
which, according to this test, would be passed as free from pyridine, may, 
as a matter of fact, contain up to 0°04 or 0:05 per cent. this body; but 
if so, it cannot be detected either by this test or by the physiological 
properties of the naphtha as experienced in the manufacturing departments, 
The presence of so small a quantity as 0°06 per cent. is, however, clearly 
recognisable by this test, and equally so in the atmosphere of the spreading 
room. 

Adulterations of solvent naphtha by either petroleum spirit or shale 
spirit are, no doubt, best avoided by purchasing direct from the producers. 
They betray themselves in most cases already by an impossibly low initial 
boiling point, and likewise by the lower specific gravity. If a sample of 


1 This, no doubt, finds its explanation in the fact that dilute aqueous solutions of the 
pyridine salts are almost completely hydrolysed, 
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solvent naphtha is suspected in this respect, about 50 c.c. of it should be 
placed in a flask of about 200 c.c. capacity, and connected with a reflux 
condenser. ‘The flask is well cooled, and a mixture of 50 c.c. of concentrated 
nitric acid with 50 c.c. of concentrated sulphuric acid slowly added, gently 
shaking from time to time. As soon as the, at first rather brisk, reaction 
begins to slacken, water-bath heat is applied for fifteen minutes. The mass 
is then allowed to cool, carefully diluted with cold water, transferred as 
completely as possible into a separating funnel, and allowed to settle. The 
whole of the lower layer is run into a fractionating flask of about 250 c.c. 
capacity, an excess of aqueous caustic soda is added, and the mass distilled 
in a current of steam until about one-third of the nitrated bodies have 
passed over. This operation is repeated with the whole of the distillate 
for a second time, using a small separating funnel as the receiver, when 
the unnitrifiable hydrocarbons will be found floating upon the water. 
The latter is drawn off as completely as possible, and the volume of the 
unnitrifiable hydrocarbons ascertained by running them into a_ small 
graduated cylinder. It must, however, be remembered that even 90’s 
benzol contains invariably from 1 to 2 per cent. of such hydrocarbons, 
and solvent naphtha from 2 to 6 per cent. 

2. Petroleum Spirit.—The fractions boiling below 160° C. which are 
obtained under the name of ‘ Deodorised Petroleum Spirit’ come into the 
market from the distillation of American crude petroleum. ‘This solvent, in 
its generally very high state of purity, is used extensively as an india rubber 
solvent, generally in conjunction with a greater or smaller proportion of 
coal tar naphtha. Its use without the latter is not satisfactory, as its 
solvent properties are greatly inferior to that of coal tar naphtha, and also 
on account of its far greater volatility. Against coal tar naphtha, petroleum 
spirit has the advantage of being almost odourless, or practically so—a 
point which, especially in the manufacture of waterproof cloth, is rather 
important. 

Deodorised petroleum spirit consists almost entirely of hydrocarbons 
of the aliphatic series C,H.,,.. On submitting it to the boiling point, 
test figures are obtained, of which samples 9, 10, 11, and 12 in the tables 
already given are good types. As a matter of fact, however, it will be 
found that petroleum spirit contains not inconsiderable quantities of much 
lower boiling hydrocarbons. Indeed, in fractionating large quantities of 
petroleum spirit (500 gallons at a time), a very large volume of vapours of 
extremely low boiling point is given off at first, followed by a distillate 
amounting to about 10 per cent. of the whole, the boiling point of 
which ranges from about 18° C. to about 40° C., and which, therefore, is 
evidently a mixture of butane with much pentane. 

Of course petroleum: spirit of as low a boiling point as the samples 
above quoted is rather the reverse of advantageous to the manufacturer, 
and for this reason products like No. 8, and even more so No. 13 and 14, 


are much preferable. 
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Besides the boiling point test, petroleum spirit should be tested for the 
presence of pyridine, and it is also advisable to ascertain whether its 
purification has been carried far enough. The test for pyridine has 
already been described above; the purification test is carried out by 
shaking violently in a test tube 10 ¢.c. of the spirit with 5 c.c. of sulphuric 
acid of 1:55 specific gravity. There should be no perceptible amount of 
discoloration either of the acid or of the hydrocarbon liquid. 

‘here is a general concensus of opinion among india rubber manu- 
facturers that there is greater risk of fire by ‘spontaneous ignition’ in the 
use of petroleum spirit, than when coal tar naphtha is employed. This 
opinion appears to be confirmed by the fire statistics available, which 
unquestionably show that during the ruling of high coal tar solvent prices, 
when there is naturally a tendency to use more petroleum spirit in its 
place, the frequency of fires in rubber factories invariably rises. 

3. Shale Naphtha.—This is a product produced in large quantities by 
the Scotch shale distilleries. In its chemical properties this solvent is very 
similar to petroleum spirit, but while the latter consists practically entirely 
of hydrocarbons of the aliphatic series, the hydrocarbons of shale naphtha 
consist almost entirely of olefines. The specific gravity and boiling points 
of shale naphtha approximate closely to those of coal tar naphtha. Against 
petroleum spirit it has, however, the disadvantage of a very pronounced 
and persistent odour. This odour, though highly characteristic, is by no 
means offensive. Indeed, it is by many considered preferable to the odour 
of coal tar naphtha, and the preference often expressed for the latter is 
probably chiefly due to old custom. Wherever the question of odour is: 
of not much account, shale naphtha will be found to be a very effective 
and cheap solvent for many. purposes in connection with the manufacture 
of india rubber. . 

4, Turpentine.—Turpentine was the first organic solvent which 
Hancock applied to india rubber in the hope of producing india rubber 
solutions, In this he failed, ascribing his failure to the impure description 
of his turpentine. Shortly after his discovery of the effects of mastication 
upon india rubber, he found that one of the most valuable results of 
this operation was the readiness with which the rubber so treated dis- 
solved in turpentine—an effect which is, however, just as pronounced 
with any other solvent. To-day the use of turpentine as a rubber solvent 
has become almost obsolete save for a few specific purposes. This is, on 
the one hand, due to its high price (two shillings per gallon); and on the 
other, to its high boiling point. 

It is rather remarkable that all dextro-rotary brands of commercial 
turpentine are better solvents than the leevo-rotary kinds. For this no 
doubt very complex phenomenon, no explanation can at present be 
suggested. Somewhat more intelligible is the fact that the more dipentene 
a turpentine contains, the better a solvent it is. This in some measure 
appears to be a contradiction to the first statement, as dipentene is optically * 
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inactive. It is, however, not impossible that the dextro-rotary turpentines 
contain more dipentene than their optical antagonists. Certain it is that 
Russian turpentine, the occurrence of dipentene in which is definitely 
ascertained, and which is also dextro-rotary, surpasses in dissolving power 
all the other brands of turpentine. The curious old statement that 
turpentine, after having been distilled over india rubber, acquires thereby 
much greater dissolving power than before, finds its explanation, perhaps, in 
the same fact, as it is well known that the distillation of turpentine from 
retorts heated by direct flame always leads to the formation of more or 
less dipentene. But in this case the presence of india rubber in the 
distilling liquid would appear to be quite unnecessary. 

5. Carbon Bisulphide.—This substance is employed in rubber factories, 
to a very slight extent only, as a solvent, its volatility, inflammability, and 
very generally its bad odour being equally objectionable for this purpose. 
It is, however, employed in enormous quantities as a solvent for chloride 
of sulphur in the process of cold vulcanisation., 

Carbon bisulphide boils at 46° C., and it will generally happen that 
whatever be the degree of purity of the commercial product, the variations 
of the boiling point are very insignificant—so much so, that the boiling 
point in this case practically ceases to be a criterion of the purity of the 
sample. | 

The impurities occurring in carbon bisulphide are very little known, 
especially those that cause the very offensive odour of many of the com- 
mercial samples. Free sulphur is almost invariably present, and as long 
as its amount does not exceed 0°15 grms. in 100 ¢.c., is quite unobjection- 
able. For practical purposes the whole of the residue remaining after dis- 
tillation may be taken to represent sulphur. This, strictly speaking, is not 
quite correct, and this residual sulphur always contains more or less minute 
proportions of at least’ two crystallisable compounds which appear to 
be to a large extent responsible for the bad odour of the great majority 
of the commercial products. Besides these, carbon bisulphide often con- 
tains sulphuretted hydrogen in solution, and it is scarcely necessary to point 
out that this occurrence is proof of a very perfunctorily performed purifi- 
cation. Such products are always characterised by a more or less marked 
yellow colour. The purer a sample of bisulphide of carbon, the more its 
odour approximates that of chloroform. An acrid or otherwise badly smell- 
ing product should unhesitatingly be rejected, as there is no doubt what- 
ever that an article perfectly ‘waterwhite’ and free from any offensive 
odour can be and is produced on a commercial scale. 

Many attempts have been made to substitute less obnoxious solvents for 
carbon bisulphide, but although in a few applications pure benzol has 
proved fairly satisfactory, its general use as the solvent for chloride of 
sulphur in the cold cure process is barred by the fact that it produces 
surfaces having a ‘starved,’ leathery feel, although the vulcanisation, as 
such, is perfect. This matter has already been discussed (page 80), and it 
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will suffice here to state that in my own opinion this is due to the fact 
that the swelling of the rubber is very much less with benzol than with 
carbon bisulphide. Consequently, in curing a thin rubber film—e.g., water 
proof cloth—with benzol as the solvent, only a very slight swelling takes 
place before the ‘setting ’—7.e., the pectisation—of the rubber; but under 
the same conditions, using, however, carbon bisulphide as the solvent, the 
pectisation of the rubber—in other words, the curing effect—takes place 
while the film is in a state of considerable distension as regards thickness. 
I have shown that vulcanisation results in the permanent fixation of the 
physical condition as to structure of the rubber at the moment at which 
it occurs, and it is’ therefore evident that any difference in the physical 
effect produced by different solvents used in the vulcanisation process must 
necessarily persist after, and be rendered permanent by, the process of 
vulcanisation. 

This is, in my opinion, the only feasible explanation of the otherwise 
quite unintelligible fact that, chemically, the process of cold vulcanisation 
varies considerably in its results according to the nature of the solvent 
employed. It shows also that the real difficulty of the problem of finding 
a satisfactory substitute for carbon bisulphide lies not so much, as has been 
assumed up to the present, in the discovery of some cheap solvent which 
is fairly volatile and indifferent to india rubber, but rather in finding a 
solvent, the physical effect of which upon india rubber shall be identical 
with that of carbon bisulphide, | 


CHAPTER VII. 
COLOURING MATTERS. 


AuTHoucH a great number of india rubber articles are produced having a 
colour more or less pronounced and differing from that of pure vulcanised 
india rubber, yet colouring matters do not play a very important part in 
the manufacture of these goods. The obvious reason is that the uses to 
which these articles are put are, with very few exceptions only, so highly 
technical and purely utilitarian as to render their colour a matter of more 
or less complete indifference. The vast majority of india rubber goods are 
either grey, black, or red in colour. The grey colour is that of an india 
rubber article containing no colouring matter of any sort; the black 
colour is either the colour of desulphurised ‘cut sheet’ articles, or of goods 
containing lamp black, pitches, and similar compounds ; while the red colour 
is due to the rubber containing antimony pentasulphide, an excellent sulphur 
carrier, or it may also be due to the presence in the rubber of nothing 
more than ‘red iron oxide’ used for the purpose of imitating the colour of 
sulphide of antimony, which colour many people still connect with the idea 
of a very high quality rubber article. 

In one branch particularly of the india rubber trade—that of ladies’ 
waterproofs—colours are used extensively for decorative and ornamental 
purposes, either by producing self-coloured rubber surfaces, or by printing 
upon variously coloured rubber surfaces textile designs either with 
ordinary pigment colours, with pigment lakes, or with metallic powders 
(bronzes). 

There is, perhaps, only one other article in which colour is an essential 
feature. This is in the hard rubber compounds for dental purposes (gums), 
although obviously in this case the colour serves a utilitarian purpose like- 
wise, being intended to match the colour of the tissues of the mouth. In 
the production of this ‘compound,’ Continental and American factories 
have altogether outstripped their English rivals. The colouring matter 
employed in this case is invariably either vermilion, the colour of which is 
attenuated by the admixture of zinc white, or vermilion with a trace of 
cobalt blue. 
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In examining any colouring matter intended for use in conjunction 
with india rubber, the following points call for particular attention :— 

1. The colouring matter should contain no substance or compound 
detrimental to india rubber. 

2. The colouring matter should be able to withstand the chemical and 
physical influences of vulcanisation. 

3. The colour in the vulcanised article should be fairly fast to light; 
it should not bleed on immersion of the article in boiling water rendered 
faintly alkaline by ammonia, or in water rendered faintly acid by acetic 
acid. 

4. The colour used should not affect the durability of the rubber 
articles. 


White Pigments. 


White Lead.—This product is used fairly extensively, owing to its 
enormous covering power. Its purity may be ascertained by the well- 
known chemical methods. Seeing, however, that the chief recommenda- 
tion of white lead lies in its covering power, which is greatly affected by 
impurities and adulterations, and that even different samples of pure 
white lead exhibit very considerable variations in this respect, it appears 
preferable to dispense with the chemical test of this product, and to ascer- 
tain its covering power instead, in comparison with some known product of 
standard excellence. The test is carried out by placing upon a glass plate, 
of convenient size 2 grms. of the standard white lead, and at a distance of 
from 4 to 6 inches another 2 grms. of the white lead to be examined. To 
each of these samples 0'2 grm. of lamp black and 20 drops of linseed oil 
are then added. With a palette knife of suitable size the separate samples 
are then successively worked by pressing and rubbing, until in each case 
an absolutely uniformly grey paint is produced, which, by means of the 
palette knife, is spread in an even coating over the glass. Corresponding 
to the two samples of white lead so treated, two separate coatings of grey 
are thus obtained almost side by side, and it is very easy to judge whether 
they are of identical shade or not. The grey shade produced is, of course, 
the lighter, the higher the covering power of the white lead. It is now 
very easy to reduce the darker of the two shades of grey to the shade 
of the lighter one by gradually working into the darker shade small 
portions of the same white lead until the two shades are exactly equal. 
The covering power of the two samples then varies inversely as the 
quantities of white lead required for the production of identical shades 
of grey. 

White lead is an excellent material for the production of ‘cold cured’ 
rubber goods, but it cannot be employed for the manufacture of hot vul- 
canised articles, the free sulphur at the vulcanising temperature entirely 
discolouring the white lead. Cold cured goods may also develop this dis- 
coloration in a slight degree if the chloride of sulphur employed contains 
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too much free sulphur, or if the carbon bisulphide used be contaminated 
with HS, or contain too much free sulphur, 

Zine White-—This compound is very extensively employed in the 
manufacture of white rubber goods. In testing samples it should be 
remembered that inferior brands often contain sensible quantities of lead 
or metallic zinc, both of which impurities very detrimentally affect the 
purity of the colour as it appears after vulcanisation. The covering power 
of different brands of zinc white is subject to not inconsiderable variations, 
and should therefore be ascertained by the test above described for the 
examination of white lead. 

Zinc white'is equally suitable for the manufacture of cold as of hot 
cured goods. 

The general analysis and valuation of zinc white calls for no special 
remark, and is carried out by well-known methods, The quantity of 
metallic zine or lead contained in it is often so small as to escape detection. 
It will, however, frequently be found that different brands of zine white, 
owing to differences in the quantities of the above named impurities con- 
tained therein, exhibit surprising variations in the colour of the rubber 
goods manufactured by their aid. This is due to the fact that variations 
in the quantities of these impurities will necessarily also cause variations 
in the colour of the zinc white as it appears in the india rubber articles 
after vulcanisation, in which process these impurities are converted into 
their respective sulphides. The effect of this discoloration can readily be 
ascertained in any given sample of zinc white by shaking about 2 grms. of 
it in a test tube with 15 c.c. of water, adding to this suspension one or two 
drops of ammonium sulphide, and, after two or three minutes’ standing, 
comparing the colour of the zinc white so treated with a suspension of some 
of the same sample in pure water. Or the zinc white is mixed in a mortar 
with a small quantity of sulphur, the mixture transferred to a crucible, the 
sulphur driven off at a gentle heat, and the change of colour noted. 

Lithopone.—The theoretical composition of this pigment is expressed by 
the formula ZnS, BaSO,, and it should therefore contain 29'4 per cent. 
of zinc sulphide and 70°6 barium sulphate, but most of the commercial 
products of this description contain much less zine sulphide. It is a 
matter of general practical experience that the value of the product as a 
white pigment rapidly diminishes with the quantity of zinc sulphide 
present, so that its analysis and valuation resolves itself into the deter- 
mination of the respective proportions of zinc sulphide and barium sulphate 
present. This is carried out with sufficient accuracy by dissolving a 
weighed quantity of the lithopone in dilute hydrochloric acid, adding a 
moderate quantity of a solution of ammonium chloride, and boiling for 
from ten to fifteen minutes: The insoluble barium sulphate is filtered off, 
washed neutral, dried on the filter, the latter subsequently incinerated, 
and the residue weighed. Deducting the weight thus obtained from the 
weight of the lithopone used, yields the weight of the zinc sulphide present. 
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Barium Sulphate.—This is used either in the form of the finely ground 
mineral ‘ barytes,’ or in the form of artificially precipitated barium sulphate. 
The latter preparation has a somewhat greater covering power than the 
natural product, however finely ground. All these, and the following 
adjuncts, can scarcely be described as white pigments, their whiteness 
being simply due to the diffused reflexion of extremely fine crystalline, but 
individually transparent, particles. By embedding these powders in a 
medium of high refractive index, they become, of course, more or less 
transparent—i.e., the ‘whiteness’ disappears. They behave in this manner 
when incorporated with india rubber, the refractive index of which is 
comparatively high. They must, therefore, be described as filling agents 
rather than as white pigments. 

Paris White.—This product, also known as whiting, is a more or less 
impure natural calcium carbonate (chalk). The impurities consist, besides 
traces of organic matter, of silica (diatoms); in exceptional cases it may 
contain magnesium carbonate (magnesite), and it invariably contains traces 
of ferric oxide. It is the most extensively used filling agent ; its value as a 
white pigment is of the slightest. 


Red and Brown Pigments. 


Golden Sulphide.-—This product consists of antimony pentasulphide 
containing up to 40 per cent. of free sulphur. It is one of the most active 
‘sulphur carriers’ known, but there is little doubt that it was originally 
employed, and has been extensively used up to the present day, perhaps 
even more on account of its colour, there being very little choice in red or 
scarlet pigments suitable for the manufacture of hot cured ‘red rubber’ 
goods. The shade of this product varies rather considerably according to 
the mode of its preparation, and it is very curious to observe that different 
countries favour different shades, to the practical exclusion of any other. 
Thus, in France a bright, deep red is preferred, Germany favours a bright 
orange or tan colour, whilst English manufacturers select a medium shade. 
For the analysis of this product, see page 185.1 

Vermelion.—This is the most brilliant of all the scarlet pigments avail- 
able for the purposes of the india rubber manufacturer. It is perhaps the 
only one which is equally suitable for soft rubber, however cured, as for 
ebonite. The colour of vermilion varies from a fine but pale bluish- 
crimson to a full bright scarlet. The shade depends essentially upon the 
size of the crystals. The smaller these, the paler and bluer the shade ; the 
larger the crystals, the darker and brighter the colour. Adulterations of 
vermilion are nowadays practically unknown, and it is therefore scarcely 
ever necessary to proceed to an analysis of it. Under certain circumstances 


1 The frequently made statement that antimony pentasulphide is an excellent 
7ulcanising agent is a pure myth, one of the many to be found in the rubber trade, and 
as hard to kill as the sea-serpent. The fact of the case is that most of the antimony 
sulphide in the market contains from 15 to 20 per cent., and more, of free sulphur, to 
which the supposed vulcanising action of this pigment is to be ascribed. 
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it may be desirable to ascertain the covering power of a given sample. 
This is carried out exactly as before described. 

Both red antimony sulphide and vermilion proper can be employed for 
the manufacture of hot or cold vulcanised goods. Their use in the latter 
case would, however, amount to sheer waste of money, since as good and 
even much better effects can be obtained with the enormous range of 
orange, scarlet, and crimson pigment lakes (aniline lakes), which are quite 
as permanent, and, if competently manufactured for the purpose, perfectly 
indifferent to india rubber. 

Red and Brown Iron Oxides.—These products appear on the market 
under countless fancy names. Some of the so-called ‘ Venetian reds’ of this 
class rival in brilliancy and character of shades good qualities of antimony 
sulphide, but the various products exhibit very great differences in cover- 
ing power, This is ascertained in the already described manner, and the 
strongest products should always be given the preference. ‘The reason for 
this is that ferric oxides, especially the more or less hydrated varieties, are 
by no means so indifferent to india rubber as is generally supposed. Cold 
cured india rubber goods containing this article are often found to undergo 
oxidation rather quickly. This is much less the case in hot cured goods, 
but there is no doubt that the iron oxide pigments greatly reduce their 
resiliency. | 

A complete analysis of these pigments is generally of not much use, as 
the percentage of iron oxide in them bears only a very remote relation to 
their intrinsic value. Some of the very brightest ‘red oxides’ owe, how- 
ever, the richness of their shade very largely to the presence in them of 
small quantities of apparently free sulphuric acid. Such products are 
extremely detrimental to india rubber, and for this reason the neutrality of 
any given sample should always be ascertained by a special test. 

Occasionally brown ‘oxides’ are offered containing manganese peroxide. 
The presence of this compound in hot cured goods is highly undesirable and 
altogether fatal to cold cured goods. This same obnoxious compound is 
also occasionally encountered in the brown shades bearing the names of 
umber, sienna, or vegetable brown. Such products call for unhesitating 
rejection on the part of the rubber chemist. 

Red and Brown Lake Pigments.—The very large range of brilliant 
pigments is almost exclusively prepared from coal tar dyes; a few of them 
from vegetable dyes. They contain from 5 to 20 per cent. of dye-stuff 
fixed upon some suitable mineral base. The pigments used for the purposes 
of the india rubber manufacturer contain these dyes fixed upon either 
alumina or a mixture of alumina. and barium sulphate, or barytes, or white 
lead, and in some cases even red lead. It is scarcely necessary to remark 
that pigments containing the latter base should be strictly avoided. 

To test for the presence of red lead, the lake is repeatedly boiled with 
dilute nitric acid, when the appearance of a more or less dark-brown 
insoluble residue generally sufficiently clearly indicates its occurrence. In 
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cases of doubt, the residue is boiled with a fresh quantity of nitric acid and 
a few crystals of oxalic acid or sugar. The ensuing solution is filtered. A 
white precipitate in the filtrate, on addition of dilute sulphuric acid, 
indicates the presence of red lead in the pigment. 

Aniline Lake Pigments, as these pigments are commonly called, are 
' manufactured from either basic or acid coal tar dyes. Lakes produced 
from basic dyes are generally brighter and also faster than the lakes obtained 
from acid dyes, but for scarlet shades the latter yield a far more brilliant 
series than the former. There is, however, a class of coal tar dyes which 
may be described as sulphonated basic dyes, and which yield even more 
brilliant shades than either of the before mentioned classes, although they 
are perhaps a trifle inferior in fastness to the lakes obtainable from basic 
dyes. The fastness of all these products both to water and light depends 
very materially upon the methods by which they have been prepared, but 
this is scarcely a subject which can be gone into in this place.t 

Of considerable importance is the question of the action of these lakes 
upon india rubber. Of course, what action they possess is entirely due to 
the coal tar dyes contained in them. There is no doubt whatever that 
some of these have a very distinctly unfavourable action, Bismarck brown 
having long enjoyed a particularly bad reputation in this respect. This 
action is certainly greatly reduced in the lake pigments, but it calls, never- 
theless, for careful investigation before any particular lake is generally 
employed in manufacturing—the more so, as it is a practical impossibility to 
say offhand what dyes are to be avoided in the form of lake pigments, so 
much depending upon the manner in which they have been produced. As 
a general truth, it may, however, be stated that lakes produced from acid 
dyes are, so far as is known at present, very much safer to use than 
those manufactured by the use of basic or sulphonated basic dyes. The 
value of this information is unfortunately largely discounted by the fact 
that the lakes produced from acid dyes represent only a comparatively 
limited range of scarlet shades; for all other shades, lakes manufactured 
from the other classes of dye-stuffs have to be drawn upon. There are, of 
course, numerous blue, green, and violet acid dyes, but the lakes they form 
are far too dull for the purpose of the rubber manufacturer. 

The valuation of any of these products is best carried out by the 
covering power test—7.e., by mixing 0°2 grms. of the lake and also of the 
standard with which it is to be compared with 2 grms. of white lead and 
20 drops of linseed oil each upon a glass plate in the manner described for 
testing the covering power of white lead. This test also gives very trust- 
worthy information respecting the brilliancy of the shade, and renders 


differences, too slight to be with certainty discernible in the full strength 
lakes, at once apparent. 


1 Full information on this important subject is to be found in a paper by myself: 
‘Researches on the Formation of Pigment Lakes,” Jowrn. Soc. Chem. Ind., 1891, 
p. 896 ; and a further paper under the same title in Jowrn. Soe. Chem. Ind. , 1893, p. 650. 
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Very frequently dyes soluble in benzene or coal tar naphtha are 
recommended for the manufacture of coloured india rubber goods. These 
products, known as aniline resinates, are the resinates of basic dyes pre- 
cipitated upon a basis of aluminium resinate. They may be used for the 
manufacture of coloured toy balloons or similar articles, but are useless 
for general purposes. 

All these lake colours can be used for the manufacture of cold cured 
goods only. In the hot cure process they undergo more or less complete 
destruction. 


Yellow Pigments. 


Yellow pigments are only of subordinate importance in the rubber 
industry. They are occasionally used for toys, and have also been 
suggested as a means to prevent the ‘suncracking’ of rubber goods. 
Their efficiency in this last respect appears, however, doubtful. 

Cadmium Yellow is undoubtedly the safest, and also, from the hygienic 
point of view, the most satisfactory, product touse. It consists of cadmium 
sulphide, and its shades vary from a deep orange to a rich golden-yellow, 
according to the conditions under which it was produced. It is undoubtedly 
the safest yellow pigment to use in connection with india rubber for both 
cold and hot vulcanising. Whether in the latter process it acts as a sulphur 
carrier is at least uncertain. 

For the valuation of this product it is quite sufficient to ascertain 
qualitatively its freedom from other metals than cadmium ; zine notably 
lends itself best to its adulteration. For the rest, the covering power test 
will give all the necessary information. 

Chrome Yellow.—Under this name a wide range of products is known 
varying in shade from a pale primrose-yellow to a full and almost bright 
red lead colour. The essential colouring constituent of all these products 
is lead chromate, and the variations in the shade are due to the presence in 
them of varying quantities of lead sulphate in the yellower shades, and of lead 
oxide in the orange and red shades. ‘The presence of lead sulphate is often 
considered to be an adulteration of the chrome yellow, but if the lead 
sulphate has been precipitated simultaneously with the chromate, the result- 
ing precipitate has colour qualities which cannot be obtained in any other 
way. This should be borne in mind when chrome yellows are subjected 
to analysis. The best test of these, as of all pigments, is to be found, 
not in their qualitative or quantitative composition, but in their covering 
power. 

Chrome yellows cannot be used for hot cured goods, but behave very 
well in the cold cure process. 

Zine Yellow, a double salt of zinc chromate and potassium chromate, 
is distinguished from all chrome yellows by its superior greenish tint, but 
also by its greatly inferior covering power. It cannot, however, be recom- 
mended for use in rubber goods, 
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Yellow Ochre.—This is a natural product consisting of ferric hydrate 
deposited upon alumina, silica, or aluminium silicates—generally all three. 
T'o the rubber chemist its analysis is without interest, but as some ochres 
contain the dreaded manganese peroxide, the absence of this compound 
should be ascertained. In addition to this, an examination of its covering 
power is all that is required. 

All products of this class are equally suitable for hot, as for cold, 
vulcanised goods. 

Yellow Lake Pigments.—There are a number of very brilliant lake pig- 
ments derived from coal tar colours, but, like yellow pigments in general, 
they are little used. The same is the case with the various yellow lakes 
obtainable from fustic, Persian berries, and other yellow vegetable dyes. 


Green Pigments. 


Chrome Oxide Green.—This fine green, which should consist of pure 
chromic oxide, is perhaps the fastest of all mineral pigments. It is not in 
the least affected in either hot or cold vulcanisation, nor has it the slightest 
chemical action upon india rubber. Perhaps its only drawback is its 
comparatively high price. Adulterations of this product are readily 
detected by ascertaining the percentage of chromic oxide it contains. Its 
covering power varies according to the care with which it has been prepared. 

Brunswick Green (Chrome G'reen).—The greens which are offered under 
a variety of other names consist of chrome yellow and Paris blue, and 
contain generally more or less considerable quantities of mineralic fillings. 
They are of only limited applicability for india rubber, as they lose 
considerably in brilliancy in rubber mixings. They stand the cold curing 
process satisfactorily, but cannot be used for the manufacture of hot cured 
goods. There is, moreover, a suspicion that they exert some detrimental 
action upon india rubber. Their analysis is scarcely ever called for, the 
covering power test readily giving all the required information. 

Green Lake Pigments.—A number of very fine green lake pigments are 
obtainable from the coal tar dyes. The fastness of all of them is very 
satisfactory, but they can, of course, only be used for the manufacture of 
cold cured goods. 

A large number of green pigment colours exist containing either copper, 
or copper and arsenic. Itis scarcely necessary to say that all such products 
are from every point of view highly dangerous. Also the use of the products 
described as zinc green, mixtures of zinc yellow with Prussian blue, are 
likely to cause trouble in india rubber. 


Blue and Violet Pigments. 


Ultramarine.—This blue is on the market in a variety of shades, from 
ultramarine violet to ultramarine green. It is one of the safest colouring 
agents to use in india rubber, and will withstand both the hot and the cold 
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curing process, It is, however, advisable to use only those ultramarine 
blues which are described as ‘alum proof,’ otherwise the shade may 
undergo considerable deterioration, especially in the cold cure process. 
Its analysis could serve no purpose of the rubber chemist; all the informa- 
tion required concerning any given sample is obtained by ascertaining its 
covering power, and its behaviour against a 5 per cent. solution of alum. 
The last named test is carried out by filling two 100 ¢.c. cylinders with 
a 5 per cent. alum solution and water respectively, and adding about 
2 grms. of the ultramarine to both these liquids. After five hours’ standing 
the cylinders are well shaken and the ultramarine suspensions examined. 
There should be no change at all observable, or only a very slight one, in 
the suspension in alum. 

Prussian Blue.—This product, which also passes under the name of 
Chinese blue, is a ferric ferrocyanide, a pigment of a covering power and 
intensity unsurpassed by any mineral pigment. It has frequently been 
recommended for the colouring of india rubber goods, but has, so far, not 
proved of much service in this application. It is produced in a variety of 
shades ranging from a deep, almost violet blue to a magnificent clear blue 
of almost the character of an ultramarine (Milori blue). Very little is 
known as to how these blues behave in the process of vulcanisation, and 
there has always been some sort of a suspicion that they affect india rubber 
detrimentally, which would rather suggest that vulcanising agents and 
conditions are not without effect upon them. 

These blues are very commonly adulterated. The quickest way to 
ascertain their purity, or otherwise, is to digest a sample, which must have 
been ground into an impalpable powder, for several hours, with a 5 per cent. 
solution of ammonia until the decomposition is complete. The solution of 
ferrocyanide is now separated from the insoluble residue by filtration. 
The filter residue, when washed neutral, should consist of pure ferric 
hydrate only. 

Cobalt Blue (Smalt).—This blue has repeatedly been recommended for 
colouring india rubber, for which purpose its great indifference to chemical 
influences would appear to fit it. Its low covering power and very high 
price have, however, always prevented its general employment. 

“Blue and Violet Lake Pigments.—There are an abundance of fine 
blue and violet lakes, which, together with ultramarine, amply and 
satisfactorily supply all the requirements of the rubber manufacturer in 
the way of blue pigments. Some care is, nevertheless, required in the 
choice of the lakes employed, as some of them are rather fugitive, and 
others have a slight, but none the less distinct, deteriorating effect upon 
india rubber. It is, however, difficult to single out any particular lakes 
in this respect, as their behaviour depends very greatly upon the process 
by which they have been manufactured. It is therefore necessary to 
conduct a series of experiments with such of these lakes as are selected for 


use with india rubber. 
14. 


210 INDIA RUBBER AND ITS ANALYSIS, 


Black Pigments. 


Black pigments are very largely used in the manufacture of rubber goods. 
The vast majority of these preparations consist of carbon, or contain, at 
least, carbon as their chief constituent. There are, indeed, some black lake 
pigments, but these are, however, without any practical importance for the 
purpose of the rubber manufacturer. 

Lamp Black or Vegetable Black.—These products are produced by 
the imperfect combustion of all kinds of oily materials, and they are 
always distinguished by their enormous bulkiness, or lightness as it is 
termed. The fine state of subdivision, which is the chief cause of this 
property, is, of course, largely responsible for the great covering power of 
these blacks, but is, however, not an unmixed blessing, as it renders the 
incorporation of even a moderate proportion of them with india rubber not 
only a very laborious process, but also one which can only be accomplished 
by subjecting the india rubber to more or less prolonged mechanical 
treatment, which is often detrimental to the quality of the articles manu- 
factured from it, and may also cause serious trouble in the process of hot 
vulcanising such goods. There is further to be considered the fact that 
each particle of black, as of any other solid substance incorporated with 
india rubber, carries with it a certain quantity of air into the india rubber, 
which is only partly eliminated during the mechanical working of the 
india rubber. Hence it follows that the bulkier the material incorporated, 
the greater this volume of air, which is distributed throughout the india 
rubber in bubbles of microscopic minuteness. ‘The porosity thus produced 
in india rubber articles interferes seriously with the quality of the goods. 
It is therefore obvious that, as far as pigments are concerned, the denser 
kinds are much preferable to those possessing great lightness, or bulk. 
This is especially true of the lamp blacks used in connection with india 
rubber, and for this reason blacks only should be used, the density cf which 
has been increased by subjecting them, packed into closed crucibles, for 
several hours to a temperature somewhat above red heat. This treatment 
has the further advantage of freeing the black from the oily or greasy 
matters, of which it always contains a more or less considerable proportion. 
It should also be noted that the colour and depth of shade of the black is 
vastly improved by this second burning. Altogether, the improvement in 
every respect produced by this additional process is so great that most of 
those india rubber works which consume a particularly large quantity of 
lamp black carry out themselves this second burning or calcining operation. 

Bone black.—This black pigment, which is produced by the claarring in 
closed vessels of bones, is much inferior to the lamp blacks, and its use 
offers little or no advantage to the rubber manufacturer. | 

Black pigments should always be analytically controlled in every india 
rubber works, as the appearance and quality of the goods produced with 
them depends very much upon their composition and colour qualities. It 
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has already been stated that lamp black generally contains a certain 
proportion of oily or greasy matter, not infrequently as much as 12 per 
cent. and over, This is estimated by extracting a weighed quantity of the 
black in a Soxhlet extractor. To prevent any of the black passing into the 
extract, the simplest device is to fill the black in one of the cylindrical 
filter paper tubes, which can be purchased ready made. Before placing 
this tube containing the black in the Soxhlet extractor, the open end of 
the tube is plugged by inserting into it a wad of cotton wool. The extract 
is collected in a weighed flask. The extraction is effected with either 
acetone or ether, and after the extraction the solvent is distilled off the 
flask, the contents of which are then dried in an oven at a temperature 
not exceeding 80° C., and subsequently weighed. 

The only satisfactory way to ascertain the quality of the shade is to 
observe the shades of grey yielded by the black in admixture with white 
lead. This test is, of course, included in the ordinary covering power test. 
The black in this test should produce with the white lead an absolutely 
neutral grey tint without the least suggestion of a brownish or reddish 
tint (foxiness). Not infrequently it will be found that a black of an 
inferior shade has been corrected’ by adding to it a small quantity of some 
blue pigment. It is almost invariably Prussian blue which is thus used, 
and to the experienced eye this sophistication is almost invariably betrayed 
by the strikingly bluish tint of such blacks, especially after dilution with 
white lead. Whether such a correction is satisfactory for the more common 
uses of black pigments we need not discuss here; it is certainly not so to 
the rubber manufacturer, and blacks of this kind should be rejected. The 
presence of Prussian blue is readily demonstrated by boiling some of the 
suspected black with a 10 per cent. solution of sodium dioxalate, when a 
more or less strongly coloured blue solution is obtained. Should this test 
fail, the correction may have been effected with either a blue lake pigment, 
or with ultramarine. The former may be detected by boiling a sample of 
black with alcohol (85 per cent. strong) acidulated with a few drops of 
acetic acid, the latter by treating the black with dilute sulphuric acid, 
when the development of sulphuretted hydrogen can be demonstrated by 
means of filter paper impregnated with a solution of lead acetate. Should 
these tests all fail, some of the black embedded in a highly refractive 
medium, such as Canada balsam or cedar wood oil, is examined under the 
microscope. Its uniformity, or otherwise, can thus be readily ascertained. 


Metallic Lustres (Bronzes). 


Impalpable metallic powders, generally misnamed ‘bronzes,’ have 
within recent years been extensively employed for the Jecoration of india 
rubber goods, more particularly waterproof cloth. They are produced in a 
very great variety of colours, which are either the colours of the metals or 
of the alloys of which these powders consist, or which have been obtained 
by subjecting the finished powders to a dyeing process with aniline colours, 
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These metallic lustres consist either of copper, tin, or aluminium, or 
alloys of these with tin, zinc, or occasionally lead ; and considering the well- 
known sensitiveness of india rubber to various metals, a careful selection 
of the lustre colours to be used in connection with india rubber is of 
considerable importance. In this respect it is obvious, and, indeed, well 
recognised, that all those containing copper are strictly to be avoided. There 
is still some doubt concerning the effects of colours consisting of tin, or of 
an alloy of this metal, but there is no doubt that under certain conditions 
even tin may injuriously affect india rubber. On the other hand, it is 
certain that the metallic powders consisting of pure aluminium are without 
any action upon india rubber, and this class of lustres, many of them dyed 
with aniline dyes, are now practically exclusively employed. The avoidance 
of ‘decomposition ’ effects ensured by the exclusive use of aluminium was 
first pointed out in Frankenpure’s specification (No. 160, 1896), the date 
of which, indeed, marks the starting-point of the successful and now very 
extensively practised application of metallic powders, or lustres, to the 
ornamentation of india rubber goods. 

The question of the nature of the action of the metals upon india rubber 
will be fully dealt with in a subsequent chapter. Incidentally I may state 
that the metals, as such, have in no case the slightest action upon india 
rubber, but a large number of their compounds are more or less injurious. 

BuRGHARDT ! was the first to draw attention to the destructive effect of 
copper upon india rubber. ‘THomson ? arrived at the same conclusion, and 
made a similar statement with regard to the salts (nitrates) of copper, 
manganese, and silver; but he found that gold, silver, bismuth, antimony, 
arsenic, tin, chromium, iron, nickel, cobalt, zinc, and cadmium had no effect, 
and that lead, aluminium, palladium, and platinum acted only to a very 
slight degree. This statement of the case is somewhat misleading. The 
fact of the matter is, that in no case do the metals, as such, affect india 
rubber ; but already the sulphides of some of them—notably cupric sulphide, 
the oxides of gold, silver, tin (stannic), arsenic, nickel, cobalt, manganese, 
palladium, and platinum—have a more or less marked effect, which is 
greatly intensified in their salts, particularly such of them as are soluble 
in water and which act as oxygen carriers. It is, indeed, highly probable 
that the supposed action of the sulphides, as of some of the oxides, only 
begins with their transformation into salts under the influence of an 
impure atmosphere, This, indeed, would account for the fact that copper 
in waterproof cloth acts far more energetically in cold cured goods than in 
those cured by the ‘dry heat’ process. The obvious reason appears to be 
that the hydrochloric acid vapours, which unavoidably accompany the first 
named vulcanising process, convert the copper, or rather its oxide, into 
the chloride, one of the most energetic oxygen carriers. In dry cured 
goods cupric sulphide would be formed, which would only very slowly 
undergo oxidation into the much more active sulphate. Accordingly, we 

1 Journ, Soc. Chem. Ind. 2 Proc. Lit. Phil. Soc. of Manchester, 1890-91. 
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would have to assume, as a general rule, that metallic contaminations are 
much more to be guarded against in cold cured than in hot cured goods. 
This is in perfect agreement with all our practical experience. 

It is therefore evident that the employment of even tin or aluminium 
lustres for the ornamentation of cold cured goods calls for great care in 
the working if thoroughly satisfactory results are to be ensured. For hot 
cured goods even these metals cannot be used, as they are considerably 
tarnished by the sulphur vapours. This is self-evident as regards tin 
lustres, but might appear unintelligible in the case of aluminium. The 
explanation is to be found in the fact that commercial aluminium always 
contains traces of iron, the conversion of which into ferrous sulphide causes 
the dullening of the aluminium lustre. 

The brilliance of these metallic lustres varies appreciably with the fine- 
ness of the metallic flakes, and is the greater, the larger these flakes. It is for 
this reason necessary to examine these colours microscopically in order to 
ascertain whether they are of the fineness requisite for the various methods 
employed for their application to india rubber. 


The Dyeing of India Rubber with Soluble Dyes. 


It is perhaps scarcely surprising that the very large number of organic 
natural and artificial dye-stuffs should have stimulated would-be inventors 
to apply these toindiarubber. A great many of the splendid so-called aniline 
dyes have been tried, their intensity and brilliancy appearing highly 
suitable for the purpose. 

It may at once be stated that the idea of utilising these products for 
the dyeing of india rubber, as distinguished from staining, suffers from a 
fundamental misconception, or, rather, complete ignorance, of the nature of 
the dyeing process—at any rate with the above named dyes. 

The dyeing of animal or vegetable fibres with these dye-stufis is a 
function of the chemical constitution of both the fibre to be dyed and the 
dye, and the constitution of either determines the nature of the dyeing 
process. We find, on the one hand, that any fibre to be capable of being 
dyed must contain either hydroxyl groups—OH, carboxyl groups—COOH, 
or amido groups —NH., or a combination of all three. On the other hand, 
we also know that a substance not containing any of these groups cannot be 
employed as a dye-stuff, although it may possess a strong bright colour. 

The case of diazo-benzene C,H.N : NC,H, is a very familiar illustration 
of these facts. This body is a fine scarlet colour, but, in spite of this, has 
no dyeing properties whatever. By introducing into one of two benzene 
rings either the amido group or the hydroxyl group—C,H,N : NC,H,NH,, 
or C,H,N : NC,H,OH—we obtain at once pronounced colouring matters." 

1 A detailed account of the chemical theory of dyeing is to be found in the author’s 


paper—‘‘On Substantive Dyes and Substantive Dyeing: a Contribution to the Theory 
of Dyeing,” Jowrn. Soc. Chem, Ind., 1894, p. 120. 
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From these few remarks it follows conclusively that a dyeing of the 
india rubber—t.e., the formation of a salt-like compound of india rubber and 
either a dye-acid or a dye-base—is an impossibility, india rubber containing 
neither hydroxyl, nor carboxyl oxygen, nor amido groups. It might, of 
course, be objected that this would still leave open the question of the 
possibility of dyeing india rubber with the mordant dyes—basic dyes on 
tannin mordant, alizarine on alumina mordant—but the fixing of a mor- 
dant upon the textile fibres involves, on the part of the fibre substance, just 
the same chemical conditions as the fixing of the dyes direct without 
mordants. The best result which could be obtained on rubber with this 
class of dyes would be by distributing a suitable mordant uniformly 
throughout the india rubber, and then dyeing the latter with the corre- 
sponding mordant dye. But the result, assuming such a process to be 
practicable, would be none other than the one far easier and incomparably 
better attainable—by simply compounding the rubber with a pigment lake 
consisting of the particular mordant and dye. 

Even if we would waive all these weighty chemical objections, there 
remains the serious difficulty of rendering the india rubber permeable to 
the dyeing solution, in which water would have to be employed. Dyeing 
in any other (non-ionisable) solvent is clearly impossible, and not only dis- 
advantageous as MarKFELpT ! suggests. 

There are on the market a considerable number of dye-stuffs which are 
soluble in turpentine, benzene, and petroleum hydrocarbons. They are 
offered under a variety of names, and consist either of the stearates of the 
basic dyes, or of the aluminium resinate lakes of basic or acid dyes. For 
any process of dyeing, in the legitimate sense of this word, these products 
are quite unsuitable—indeed, they are no longer dyes, but simply lake 
pigments soluble in certain organic solvents, and for this reason they do 
not dye, but only stain. They impart to rubber a characteristic colour 
only if it is heavily charged with white pigments, or when it is manu- 
factured into extremely thin, and. therefore highly transparent, films. 
Indeed, these products are satisfactory only for the manufacture of stained 
toy balloons and similar articles. 

MarkrsLpr actually advocates the use of these products for - the 
colouring of india rubber for waterproofing. The adoption of this suggestion 
would most certainly prove disastrous to the manufacturer, as all these 
colours after vulcanisation ? are more or less liable to ‘bleed.’ Altogether 
it may safely be said that the aniiine dyes and the above named ‘soluble 
lakes’ are useless for dyeing india rubber, and only of very limited use for 
staining it. 


+ Gummi Zeitung [15], 1900, p. 244. 
® Only the cold cure process could at all be used 


CHAPTER VIII, 
CONSTRUCTIVE COMPONENTS OF INDIA RUBBER ARTICLES. 


THE applications of india rubber are so extraordinarily numerous and 
varied that it is scarcely possible to name a single substance used in the 
arts and industries which, in some form or other, does not find employment 
as a constructive component of one of the almost innumerable india rubber 
articles. Ido not propose to attempt in this chapter to discuss all the 
numerous substances which are associated in manufacturing processes with 
india rubber, but to deal with a few only of these most extensively employed. 
Undoubtedly the most important of these substances are the textile fabrics 
which are very generally used either as ‘insertions’ to give strength to, 
or limit the distensibility of, sheets, hose, boots and shoes, etc., or simply 
to produce the various kinds of waterproof goods in which the cloth is the 
really important part, the india rubber coating being merely an accessory 
imparting to the cloth the waterproof quality. 

The textile fabrics used for constructive purposes proper are fabrics 
consisting of cotton, jute, or hemp, very rarely wool, and these fabrics are 
used almost exclusively in the ‘grey’ state. For waterproofing, cotton, 
wool, silk, and mixed fabrics are used, which, according to the purpose for 
which the cloth is intended, are employed in the ‘grey’ state, but in most 
cases dyed or printed. 

The tests to which these fabrics should be subjected before use vary, 
therefore, considerably according to the use to which they are to be put. 
Generally speaking, the textile materials employed for insertions and 
stiffenings need only be tested for strength before and after exposure to 
vulcanising temperatures ; whereas the fabrics intended for the manufacture 
of waterproof cloths require also examining for fastness of colour, as well 
as for the absence of ingredients which are likely to affect the india rubber 
coating. 

Examination of Textile Fabrics.—Insertion cloths are invariably used 
with a view to strengthen the article to be manufactured, and to reduce its 
distensibility without destroying its flexibility. The employment of 
‘insertions’ in steam sheeting, pressure, and suction tubing, etc., sufficiently 
illustrate this. The range of fabrics employed for this purpose varies from 
very tine ‘Cantons’ to the coarsest ‘ducks,’ ‘twills,’ and ‘Hessians.’ 
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The strength of these fabrics is tested by means of a cloth testing 
machine, of which fig. 18 is an excellent type. It consists of a bed a, in 
which slide the two jaws b and ¢. Of these, b is connected with the weight- 
ing lever d and registering dial e, Through the lower part of ¢ passes the 
travelling screw f, which can be operated by the wheel g. The weighting 
lever is provided with catches h, which at any point engage in the notches 
of the semicircle i Any pull on 0 sets the weight, and with it the lever 
d, into motion ; but on releasing the pull—z.e., on the material under test 
breaking—the weight is prevented from falling back by the catches of the 
lever engaging in the notches of the semicircle, and as the lever actuates 


Fic. 18.—Cloth testing machine. 


the indicating dial, the index finger of the latter remains stationary at the 
point where the break occurred. 

For the purpose of determining the distension of the material under test 
at any point, or at its break, the scale & is attached to the jaw 0, which 
slides upon the bed a. Jaw e carries a pointer J, which determines the 
exact length of the material under test between the jaws. 

It is advisable to carry out all tests with test pieces of the same 
dimension, so as to obtain all round comparable results. For English 
practice it will generally be found most satisfactory to adopt the dimensions 
prescribed in the War Office and Admiralty specifications issued with their 
forms for tender, viz, -:— 

The test should always be applied both in the direction of the warp 
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and in that of the weft of each cloth. It is further very important to 
repeat this test with two pieces of the same sample which have been 
exposed to vulcanising conditions, which, as regards temperature and time, 
are as nearly as possible alike to those subsequently to be observed in the 
factory. In a very large number of cases a treatment of the samples 
at 135° C. for two hours will be quite sufficient. The following table 
gives the results of a few tests obtained with various descriptions of cloths, 
the tests being tabulated in the manner adopted by the author :— 


Air Dry. After Heating. Tendering. 
Description of Cloth. 
Warp. | Weft. | Warp. | Weft. | Warp. | Weft. 
lbs lbs lbs lbs. | per cent.| per cent. 

Hessian Insertion, . ihe 4a0 397 360 322 j 
Wigan, sac 0). oe ao) O86 278 271 272 3 2 
Heavy Duck, . - . | 820 311 301 303 6 2 
Light Cambric,. ~~ . : 146 146 132 128 9 12 
Cotton Paramatta, . ‘ 94 86 a1 62 24 28 
Union * Pe hc 108 80 97 71 10 9 
Wool 3 - : 96 91 90 89 9 2 
Gloria Silk, | 130 g2 | 111 74 14 9 


Determination of Shrinkage.-—The determination of the shrinkage of 
the fabrics used both for insertions and for the manufacture of waterproof 
tissues will not infrequently be found of value. It is carried out by pour- 
ing hot water over a piece of cloth, the length and width of which have 
been accurately measured, leaving it immersed overnight, and drying it 
afterwards at a moderate temperature without stretching. The resulting 
decrease in length and width gives the shrinkage, which is usually expressed 
in percentages. Shrinkages up to 6 per cent. in either direction are 
generally found to be unobjectionable. The shrinkage of cotton goods is 
generally below, that of unions or woollens above, this figure. In very low 
class woollen fabrics the shrinkage is frequently very considerable. 

Determination of the Dressing.—It is quite obvious that the presence of 
a large amount of dressing or sizing materials in fabrics to be used either 
as in insertions or for the manufacture of waterproof goods is objectionable, 
as these materials, without exception, tend to interfere with the adhesion of 
the india rubber to the fabrics. 

In fabrics to be used for insertions, no dressing, sizing, or filling material 
of any description should be allowed. In the various descriptions of fabrics 
used for the manufacture of waterproof cloth, the ‘finish’ of the latter is 
often a matter of some importance. In many cases it can be obtained only 
by the aid of foreign materials, and no hard and fast rules can be laid down 
as to what materials and what quantities should be permitted., 

Cotton goods are generally dressed with flour, starch, and similar 
materials, often with additions of glue, gelatine, tallow, soap, paraffin wax, 
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zinc chloride, and magnesium chloride. China clay, glycerine, glucose, and 
Epsom salt are used for weighting. 

Woollen goods are dressed with Carraghen moss, gelatine, glue, dextrin, 
starch, albumen, and sodium silicate. 

Silk finishes very commonly contain flea-wort, tragacanth, shellac, and 
gelatine. 

In examining a given fabric for the presence of dressing or filling 
materials, no detailed analysis is required. For the purpose of the rubber 
manufacturer it is therefore quite sufficient to first dry a weighed piece of 
the cloth to be examined in a water oven for a period of at least two hours, 
and ascertain the loss of moisture by weighing. It is, perhaps, needless to 
point out that the weighings must be performed in tightly stoppered glass 
vessels. 

The dried fabric is then thoroughly well washed in boiling water, the 
fingers being used to rub and knead every part of the sample. This wash- 
ing process is repeated in several changes of hot water. The washed piece 
is then wrung out and dried in the water oven until the weight ceases to 
sensibly decrease. The loss in weight is due to the presence of extraneous 
matter. 

There is only one constituent, very commonly occurring in textile 
fabrics of every description, the amount of which is in every case 
determined by a special test. This constituent is tallow, or fatty substances 
in general, an excessive amount of which is considered to affect the india 
rubber very injuriously, although, in my own opinion, this danger has 
been much exaggerated. 

The determination of the percentage of fatty matter contained in a given 
sample of cloth is carried out by first drying it in a water oven for at least 
two hours. The weight of the dry cloth being ascertained, the latter is 
transferred to a Soxhlet extractor and extracted with ether or acetone, 
the extract being collected in a weighed flask. After extraction the 
solvent is distilled off in a water bath, the flask containing the fatty extract 
dried for thirty minutes at 90° C., and subsequently weighed. 

An amount of ‘fatty extract’ not exceeding 2 per cent. of the weight 
of the dried cloth is accepted by the rubber manufacturer as involving 
no risk to his production. This, however, should not be relied upon 
too much by the chemist, for while on the one hand, given favourable 
conditions, this allowance might be, without risk, considerably increased, 
there is, on the other hand, no doubt that much less than this amount may 
seriously affect the india rubber, should the cloth at the same time contain 
slight quantities of copper or manganese. Even certain dyes, notably 
Bismarck brown, will, in the presence of very small quantities of ‘ grease,’ 
affect the india rubber very seriously, although in the absence of any fatty 
matter no perceptible action would have taken place. Nor should the fact 
be overlooked that different kinds of ‘fatty matter’ differ very markedly 
in their action upon india rubber. In this respect it may be stated that 
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the more pronounced the tendency of a fatty substance towards spon- 
taneous hydrolysis—in other words, to turn rancid—the more energetic is 
its action upon india rubber. 

Examination of the Dyes.—These textile fabrics which are employed in 
the dyed state, as is the case with the vast majority of the cloths used for 
the manufacture of waterproof cloth, must always be subjected to an 
examination respecting the fastness of the colour and of the mordants used 
in conjunction with the latter. 

According to the conditions to which waterproof cloth is subjected in 
its ultimate use, it is evident that the fastness of the dye to rain, street 
mud, and dust is essential. 

Lastness to Rain.—The obvious test might appear to consist in examin- 
ing the behaviour of the dye in the course of several hours’ immersion in 
cold distilled water, when the latter should only be very slightly dis- 
coloured. No doubt, if all waterproof cloth were worn in the open country 
only, this test might be considered fairly satisfactory, but the rain falling 
in large towns differs greatly from distilled water. Amongst the impurities 
sulphurous acid stands prominent, and although rain water contaminated 
with this acid does not appear to perceptibly enhance the tendency of dyes 
to ‘bleed,’ its effect upon a considerable number of dyes is, nevertheless, 
very pronounced. ; 

I prefer, therefore, to test the cloth by immersing part of a strip of it 
in a 0°05 per cent. solution of sulphurous acid in water, wringing out, and 
drying at a moderate temperature. By comparing the change thereby 
produced on the immersed part of the strip with the untreated part, 
much more satisfactory information is gained respecting the behaviour of 
the cloth in rain than by the distilled water test. 

It is impossible to state definitely what degree of discoloration pro- 
duced in the above test should be obtained to justify the rejection of any 
given sample for waterproofing purposes. The judgment required for this 
purpose can only be obtained by practical experience. As a general state- 
ment, it may be said that any stain developed in this test becomes the 
more objectionable, the greater the difference between the shade of the 
stain and that of the cloth. Reduction of the intensity of the shade, at 
any rate within certain limits, is therefore much less objectionable than 
the production of a stain of a different colour. 

Resistance to Street Mud and Dust.—The colours of waterproof cloaks are 
often very badly affected by street mud, more especially that of towns, which, 
for many reasons, is always distinctly alkaline (ammonia), and invariably 
contains, besides more or less indifferent mineral detritus, a great deal of 
organic matter, generally in a decomposed state, and also surprisingly large 
quantities of iron oxides.: The latter are, no doubt, chiefly derived from 
horse-shoes, human footwear, vehicle tires, and tram rails. It will be 
readily understood that a complex mixture of this description affects many 
colours very energetically. 
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Undoubtedly the most reliable, if not the most elegant, method of 
testing the fastness of the dye against street mud would be to treat the 
cloth to be tested with some typical specimen of street mud, allowing it 
to dry on the cloth, subsequently brushing it off and observing the effect. 
It is preferable, however, to have a test solution which can always be 
obtained of the same efficiency, and in this respect a 2 per cent, solution 
of ammonium sulphide answers very satisfactorily. The best way to 
employ it is to saturate a small part of the cloth with the solution, and to 
allow it to dry, when its effect can immediately be judged. It must, 
however, be pointed out that although in a great many cases the effect of 
this reagent very closely simulates the action of street mud, it does not do 
this without some notable exceptions. I have particularly observed that 
with all cloths mordanted or saddened with tannic acid materials, the 
difference is very considerable, the street mud showing a much greater 
effect. I believe this to be due to the presence in the latter of iron oxides, 
or, rather, of soluble salts of iron. 

Examination of Mordanting Materials—Most of the mordanting 
materials used in the dyeing of textile fabrics are entirely unobjectionable 
from the point of view of the rubber manufacturer. There are, however, 
two metals, the presence of which must be carefully guarded against: 
manganese and copper. Of these two, manganese is now very little used. 
Its presence is readily detected by boiling a small strip of the suspected 
cloth with dilute hydrochloric acid, filtering the resulting solution, adding 
to it excess of ammonium chloride and ammonia, and again filfering. On 
adding to the filtrate hydrogen peroxide, the presence of manganese is 
indicated by the immediate formation of hydrated manganic peroxide. 

Copper occurs very frequently in dyed fabrics of almost every 
description, and as extremely small quantities of this metal, or, rather, its 
oxides and salts, are capable of detrimentally affecting india rubber, the 
examination of all dyed fabrics for copper is a matter of considerable 
importance. Enormous losses have frequently been caused by the neglect 
of this very simple precaution. 

With rare exceptions the quantities of copper to be tested for are very 
small, but although, generally speaking, almost any quantity of copper in 
cloth intended for proofing is objectionable, it is, nevertheless, desirable to 
ascertain always the amount present. 

This is carried out most expeditiously by means of a colorimetric test, 
in which the colour of the ammoniacal solution of the copper obtained 
from a weighed quantity of the cloth is compared with an ammoniacal 
copper solution of known strength. It is at the outset, therefore, 
of considerable importance to prepare such an ammoniacal standard 
solution, the colour of which is certain to keep unaltered for at least 
twelve months ; otherwise, one of the various colorimeters, or LoviBoNnp’s 
tintometer, may be employed. 


The colour scale is prepared as follows:—About 0:3 grms. of pure 
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copper foil are dissolved in 5 c.c. of nitric acid (14 sp. gr.) and 5 c.c. of 
concentrated sulphuric acid. This solution is evaporated until the heavy 
vapours of sulphuric acid begin to appear. The mass is allowed to cool, 
diluted with 25 c.c. of water and enough ammonia to produce a clear 
blue solution, which is then further diluted with a mixture of one volume 
of ammonia with six volumes of water until a solution is obtained contain- 
ing 0:0005 grms. of copper in | c¢.c. 

Next, a set of eight comparison tubes is selected holding 20 ¢.c. of water 
without being filled to more than one half, and it is essential that the 
bores of these tubes should be exactly similar. This is ascertained by 
placing them in a test tube stand, charging each of them with 20 c.c. of 
water, and selecting a set of eight of them exhibiting the same height of water 
column. These tubes are then carefully washed, dried, and charged with 
1, 2, 3, 4, 6, 8, 10, 15, and 20 c.c. of the above respectively cupr- 
ammonium solution, the volumes being made up to 20 c.c. in every case 
with dilute ammonia (1: 6), and the tubes finally sealed in the blow-pipe 
as near the top of the solution as possible. We obtain thus a scale 
corresponding respectively to 0°005, 0:010, 0:°015, 0°020, 0°030, 0-040, 
0:050, 0:075, 0°100 per cent. of copper in 10 grms. of substance assayed. 
These tubes should, of course, be labelled correspondingly. 

For the subsequent colour test, 10 germs. of the cloth are ignited in a 
porcelain basin in a muffle furnace. The basin containing the ash is then 
allowed to cool, the ash carefully and completely transferred to a small 
dish, and boiled for a few minutes with a few cubic centimetres of dilute 
sulphuric acid (5 per cent. H,SO,). After addition of an excess of strong 
ammonia, the liquid is again boiled up and filtered into a test tube 
of as nearly the same size and calibre as those of the colour scale. The 
filter residue is washed with dilute ammonia (1 : 6) until the total volume 
of filtrate, when cold, is exactly 20 cc. The presence of copper is in- 
dicated by a blue coloration, and on comparing its intensity with that of 
the tubes of the scale, a fair idea of the approximate quantity of copper 
present is readily obtained. Of course no great accuracy can be claimed 
for this method, but considering the smallness of the percentages to be 
tested for, even a considerable percentage error on the result is of little 
moment, 

It is very rare that the percentage of copper exceeds 0°1 per cent., and 
if it does, it will only be so much more reason for rejecting the particular 
cloth. Should it be desired, however, to approximately estimate per- 
centages above 0:1 per cent., this can easily be done by taking aliquot 
parts of the contents of the test tube diluting to 20 cc. with dilute 
ammonia, ascertaining the percentage in this diluted solution by means of 
the colour scale, and multiplying the result by the reciprocal of the aliquot 
part taken. 

The experimental results quoted on page 300 leave no doubt that any 
cloth containing above 0:005 per cent. of copper should be rejected if the 
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cloth is to be used for the manufacture of ‘cold cured’ textures. In 
cloths used for the manufacture of ‘dry heat cured’ goods 0°01 per cent. 
of copper may safely be admitted. 

Not infrequently it is stated that fabrics containing chromic oxide_ 
Cr,0, are liable to deleteriously affect india rubber. This statement is, 
however, devoid of any foundation, The oxides, or mordants, capable of 
destroying india rubber are oxides which, either as such, or particularly in 
the state of chlorides, act as strong oxidising agents towards unsaturated 
hydrocarbons, being thereby transformed into subchlorides which are 
readily reoxidisable by atmospheric oxygen. 

Accordingly ferric oxide might be suspected of a similar detrimental 
action, and, indeed, statements to this effect have sometimes been made, but 
I have never been able to observe such an influence. Of course it is not 
at all impossible that under favourable conditions ferric oxide might prove 
capable of such an action, and the fact of this possibility should certainly 
be borne in mind. Ferric oxide mixed and vulcanised together with 
rubber is obviously likely to behave rather differently than when the 
oxide is only present as a dyeing mordant in the cloth. 

Aniline black dyed goods, in the production of which vanadium salts 
have been used, should be carefully avoided, the merest trace of vanadium 
being capable of destroying the rubber. . 

For the detection of vanadium, the cloth is incinerated in the muffle 
furnace, the ash transferred to a porcelain crucible, covered with a mixture 
of equal parts of calcined sodium carbonate and sulphur, the crucible 
covered with a lid and heated until all excess of sulphur has disappeared. 
The melt is dissolved in a small quantity of water, the solution filtered 
and decomposed by the addition of a slight excess of hydrochloric acid. 
A brownish coloration of the ensuing sulphur precipitate indicates the 
presence of vanadium. The suspended sulphur is precipitated by shaking 
the liquid with a small quantity of amorphous silica, the precipitate 
filtered off, dried, burnt off in a porcelain crucible, fused with a few 
crystals of potassium nitrate, dissolved in water, acidulated with dilute 
nitric acid, and filtered. If, on addition of a few drops of hydrogen per- 
oxide to the filtrate, a distinct pink coloration appears, the presence of 
vanadium is proved to a certainty. 

Tannic Acid Mordants, which are much employed in dyeing, have no 
action upon india rubber; but if employed for the production of a range 
of light fawn or slate shades, they are very apt to cause trouble in another 
direction. Such cloths, when in wear, often develop numerous spotty or 
streaky stains of a peculiar dull maroon colour, As spots, they occur 
particularly at the hem of the garments; as streaks, more particularly -on 
the upper parts. They are caused by almost infinitesimal traces of iron 
coming in contact with the cloth: The spots round the hem are therefore, 
no doubt, due to the iron in the street mud; the streaky spots are caused 
by water, which may be contaminated with iron in a variety of ways 


CONSTRUCTIVE COMPONENTS OF INDIA RUBBER ARTICLES. Zag 


These stains are extremely unsightly, and once they appear cannot be 
removed, 

The only way to avoid these spots is to reject all fabrics of the above 
description containing a tannic acid mordant, and since the discoloration 
is due to the action of iron salts upon the tannic acid mordant, the most 
satisfactory test is to bring upon the cloth a small drop of a solution of 
1 grm. of ferrous sulphate and 1 grm. of ferric chloride in 1000 c.c. of 
water, and allow it to dry upon a water oven. Any serious discoloration 
occurring is sufficient justification for the rejection of the cloth. 

Amongst the more common defects of india rubber waterproof cloth, 
the curling of the proofed fabrics is probably the most disagreeable. It is 
often considered to be due to a shrinkage of the cloth, but this produces 
the defect; known as cockling, also a very unsightly defect. As a matter 
of fact, the curling defect is always due to either a faulty composition of 
the rubber mixing employed for the proofing, to a ‘curing’ fault, or to 
some omission or commission in the process of proofing (see page 303), 
Quite a number of causes may produce this defect, but the enumeration 
and discussion of these is a subject for a treatise on the manufacture of 
india rubber waterproof cloth, which lies outside the scope of the present 
work, 


CHAPTER IX. 
ANALYSIS OF INDIA RUBBER ARTICLES. 


INDIA RUBBER articles may require investigation for a number of reasons: 
we may desire simply to ascertain whether successively manufactured 
batches of goods, of known composition and produced under known con- 
ditions, are of uniform quality, or whether they are in accordance with a 
specified standard ; or we may desire to determine the composition of an 
article in order to reproduce a similar product ; or we may desire to ascer- 
tain whether an article, the composition of and conditions of manufacture 
being unknown, fulfils certain specified conditions ; or, finally, we may re- 
quire to ascertain the causes responsible for an article differing from a 
given standard, or showing a variety of manufacturing defects, or under- 
going one or other of the various changes collectively described as ‘decom- 
position.’ In all these cases an analysis and general physical examination 
will be found of the utmost value. 

In a number of cases it will be observed that physical tests are the 
quickest means of gaining the desired information. This applies especially 
to the control of the production of a factory, or to the comparison of a 
delivery with a standard sample, and we infer from equal physical constants 
the chemical equality of the sample tested with the standard. This infer- 
ence is only admissible with very considerable limitation; as a general 
statement it is without any truth, and grossly misleading. It is all the 
more necessary to point this out, as there are still some people who declare 
the chemical analysis of rubber goods as valueless, and advocate reliance 
upon the testimony of the physical tests alone. This attitude is due, no 
doubt, partly to ignorance and inexperience—a still greater part, however, 
to the fact that an india rubber analysis is at the present moment capable 
of satisfactory interpretation by those only possessing a long and exten- 
sive practical manufacturing experience. The cause of this lies not only 
in the fact that our chemical knowledge of india rubber is still very im- 
perfect, but also in the circumstance that the physical conditions under 
which an india rubber article is produced affect its properties quite as 
much as does its chemical composition. We find, therefore, that although 
articles produced with the same materials and under identical physical 
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conditions possess the same physical and chemical constants, it is, as a 
general principle, equally inadmissible to infer from the identity of the 
physical tests of different samples their chemical identity, as to pro- 
uocunce different samples of identical chemical composition to be physically 
identical. 

The course chosen should therefore be adapted to current practice, as, 
for example, in the iron and steel industry, where the physical tests and 
the chemical analysis mutually complement each other. This course 
should recommend itself all the more for general adoption, as it is equally 
satisfactory in the case of rubber articles chiefly subjected to mechanical 
wear, as to those subjected to chemical action, or to mechanical and chemical 
action combined. 

Of course the necessity of taking a sample through all the physical 
tests, and subjecting it at the same time to a full chemical analysis, will 
hardly ever arise, and it is very easy to decide in the case of any given 
sample what physical tests to apply, and to what length to carry the 
chemical analysis. In the vast majority of cases, one or two physical tests, 
and the determination of two or three of the chemical constituents, are 
amply sufficient. A full analysis is practically only required when an 
article has to be produced equal to a sample of unknown composition, or in 
cases where the causes of the premature break-down or decay of rubber 
goods have to be investigated. Under such circumstances the complete 
analysis may become a rather protracted piece of work, but in the former 
of the above mentioned cases it is a far more rational proceeding to expend 
a few days of analytical work, instead of taking empirical and random 
shots in the factory, which are far more expensive and generally much more 
tedious, and which may or may not be successful. In the investigation of 
the causes of decay of rubber goods, all physical tests are useless. 


(a) Puystcat Trsts ror Manuractursp Inpia RUBBER. 


1. Specific Gravity.—Time was when the ‘specific gravity test’ was 
looked upon as the mosé reliable guide for jadging the quality of a rubber 
article. The advent of fatty substitutes, the increasing use of resinous 
and hydrocarbon compounds, of ‘ground waste’ and reclaimed rubber, has 
rendered this constant at present almost valueless, and the only inference 
the low specific gravity of a sample enables us to draw to-day is that it 
contains little or no mineral matter. Of course this conclusion does not 
imply that such an article is one of high quality, although there is still a 
large number of consumers who regard it in this light, and who insist upon 
having the goods delivered to them of ‘floating quality.’ 

All india rubber articles contain more or less considerable quantities of 
gases, chiefly nitrogen. It is doubtful whether these gases are dissolved 
in the india rubber, the probability being that they simply fill the pores, 


which unavoidably exist in manufactured india rubber, but which are, as a 
15 
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rule, so minute as to be invisible to the unaided eye. On account of this 
occlusion of gases, a rubber article possesses a real and an apparent specific 
gravity according to the conditions under which this constant is determined. 
It will further be obvious that the apparent specific gravity is always the 
lower of the two, and also that all admixtures which tend to increase 
porosity will increase the difference between the real and the apparent 
specific gravity. It is therefore very commonly to be observed that a 
‘floating’ rubber article, on careful examination, is found to possess a 
specific gravity considerably above that of water, so that what keeps it 
afloat must be evidently the buoyancy due to the presence of occluded 
gases. 

These very simple facts, while showing, on the one hand, the comparative 
insignificance, or even worthlessness, of the specific gravity test, show us, 
at the same time, the ratio between the real and the apparent specific 
gravity to be a very convenient and exact numerical expression of the 
porosity of a rubber article. This fact has not yet found the 
practical recognition it deserves, but is thoroughly well worth the careful 
attention of every rubber worker. The bad behaviour of many india 
rubber articles in use will be found to be closely connected with their 
porosity, and I may also state that the addition of small proportions of 
various (chiefly organic) substances to india rubber mixings—additions 
which frequently appear to be utterly worthless factory superstitions—in 
reality serve the purpose of reducing porosity. 

I find it convenient for practical purposes to express this ratio p in the 
following terms :— 


oe ( real specific gravity & 1) 1000, 
apparent specific gravity 

which, for an absolutely non-porous rubber, would give »=0. The factor 

1000 is, of course, introduced simply in order to obtain whole numbers 

instead of fractions for p. 

It will be readily understood that in determining the apparent and the 
real specific gravity respectively, the samples must be used in such a way, 
and the tests carried out under such conditions, as to ensure in the former 
case the retention, and in the latter case the complete expulsion, of all 
occluded air. 

The apparent specific gravity should be determined with pieces of the 
sample as large as may conveniently be used. These pieces are floated in 
water in a beaker of suitable dimensions. If the piece floats on the sur- 
face, alcohol is gradually added to the water until the test piece remains in 
suspension at any point in the liquid. The apparent specific gravity of the 
sample is then identical with the specific gravity of the liquid, which should 
be ascertained by means of a Mohr’s balance. If, on the other hand, the 
test piece sinks in-the water, a concentrated solution of calcium chloride is 
added until it remains permanently suspended at any part of the liquid 
mixture, It is scarcely necessary to mention that after every addition of 
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either alcohol or calcium chloride solution to the water, the mixture should 
be vigorously stirred. 

The real specific gravity should awa be determined with the sample 
in as fine a state of comminution as it is possible to obtain. To attain this, 
the sample is ground between a pair of steel rollers working at different 
speeds : a pair of small scale mixing rollers (see fig. 22) answer best for the 
purpose. Where these are not available, working the sample with a very 
coarse file will often supply suitable material: mere cutting into small 
strips will not do. 

If the sample consists chiefly of rubber with but little foreign admixtures, 
the sample cannot be ‘crumbed’ by filing, and even on the above mixing 
rollers it may occasionally refuse to break up, forming sheets instead. 
These are, however, always very porous, and if they are only thin enough, 
cutting them into narrow strips may bring them into a satisfactory 
condition for testing. 

In carrying out the test, an accurately weighed quantity of the sample, 
prepared as above described, is placed in a pyknometer, the latter filled to 
about three quarters with distilled water and connected to an air pump. 
The vacuum treatment is continued until all the air has been expelled. 
The pyknometer is then completely filled with distilled water previously 
boiled and brought to standard temperature, and after the insertion of 
the stopper it is weighed, and the specific gravity of the rubber calculated 
according to the well-known equation : 


bi 


ie Ba PLae 


P =Weight of the substance (rubber) taken, 
Pw= Weight of pyknometer filled with water, at temperature ¢. 
P, = Weight of pyknometer filled with water and substance, at temperature ¢, 


It is advisable to use, whenever possible, a quantity of substance amount- 
‘ing to at least one quarter of the weight of the water the pyknometer will 
hold. Perhaps it is scarcely necessary to mention that in determining the 
* porosity’ as above described, both the apparent and the real specific 
gravity must be determined at exactly the same temperature, otherwise 
serious errors may be committed. 

It will be found that the porosity of manufactured india rubber is 
influenced, not only by the quantity of the admixtures—this is obvious— 
but very much also by their nature. The effects of the various inorganic 
filling and colouring materials show very considerable variations, and are 
in some cases very marked. The highest figures for p are to be found in 
rubber charged with considerable quantities of rubber substitutes, and 
recovered rubber. 

It must, however, not be assumed that the porosity is a kind of constant 
of the various admixtures. This is by no means true, as the same mixing 
proportions give very different ‘porosities’ with different kinds of india 


228 INDIA RUBBER AND ITS ANALYSIS. 


rubber. The highest figures are always obtained with the ‘driest’ rubber 
qualities, the soft varieties giving proportionately lower figures. ; 

The experienced rubber technologist will therefore also readily perceive 
that the porosity for the same mixing may vary considerably according to 
the time during which the mixing is worked between the rollers. He will 
further see that some of the substances frequently used to shorten the 
time required for mixing by softening the rubber also reduce the porosity 
of the mixing. Altogether, the determination of p is a test of very wide 
applicability, and of great utility in the control of operations in the factory. 

2. Mechanical Tests.—The extremely useful tests known as the ‘ tensile 
strength’ and the ‘elongation’ test are carried out on a machine of exactly 
the same construction as the one shown on page 216. The indicator scale 
should, however, be so arranged that it stands at zero, when the two jaws 
are exactly one inch distant from each other, so as to allow sufficient space 
for the often very considerable elongation of the test pieces. 

For the controlling of the production of a rubber factory by means of 
these tests, it is advisable to use a machine giving readings from four to 
five pounds up to three or four hundred pounds of tensile strength. On 
such a machine readings from pound to pound are easily taken, and this 
is quite accurate enough, providing the test pieces employed are of such 
dimensions as to give a total minimum reading of not less than a hundred 
pounds. There is, in the vast majority of cases, scarcely ever any difficulty 
in fulfilling this condition. This applies likewise to series of test pieces 
prepared for the study, either of the influence of different vulcanising 
conditions upon the physical constants of a given mixing, or of the influence 
of different admixtures under identical vulcanising conditions. 

Hurnzertine and Paut, in their elaborate tables (see pages 164-173), 
express the tensile strength in reference to test pieces of one square milli- 
metre section and hundred millimetres’ length. I take it that their data 
were not obtained from the examination of test pieces of this dimension, 
but were subsequently arrived at by calculation. This, of course, can be 
done on the assumption that the tensile strength varies as the sectional 
area of the test pieces, but that the elongation at break is independent of 
the dimensions of the test piece, and stands for the same mixing, cured 
under identical conditions, in a constant ratio to the length actually under 
test. As a general statement, these assumptions are approximately true, 
but the approximation in the case of india rubber is none too close. Asa 
matter of fact, according to my own observations, the tensile strength 
increases in the case of india rubber at a slightly higher rate than the 
sectional area, and likewise I have found that the elongation or distensibility 
slightly decreases with an increasing cross section. 

Nor is the mere statement of the tensile strength and elongation at 
break altogether a full statement of the physical behaviour of a test piece 
under an increasing stress. A far more instructive way of showing the 
comportment of the test pieces is to measure the stress applied for a number 
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of successive and increasing elongations, and plot the data thus obtained in 
the manner shown by the curve tracings in fig. 26. It will be seen at a 
glance how much more expressive are these curves than merely the two 
figures above referred to. 

3. Dry and Moist Heat Test.—These tests are made by exposing the 
samples for one hour to a ‘dry heat’ temperature of 270° F., and for three 
hours to a ‘moist heat’ temperature of 320° C.! The dry heat test is 
simply carried out in an air bath; for the moist heat test a digester is 
required, which should be provided with a pressure gauge and thermometer 
tube (fig. 4). 

This test is obviously of some importance in the examination of rubber 
goods which are to be exposed to heat or high pressure steam, and it is 
generally supposed to furnish clear indications as to the presence of fatty 
substitutes in the india rubber. This, within certain limitations, is true 
of the moist heat test, but a deterioration of a sample in the dry heat test 
may be due to quite a variety of causes, amongst which the presence of a 
considerable excess of sulphur should particularly be mentioned. 

While it is not to be denied that tests of this description may furnish 
indications as to the behaviour of an india rubber sample under working 
conditions, I strongly hold that the indiscriminate application of these tests 
to all classes of rubber goods is often likely to be mischievous and mis- 
leading when, as is often the case, it imposes upon rubber goods test 
conditions which bear no relation to the conditions under which the goods 
are used. 

4. Suncracking Test.—This test does not, strictly speaking, fall under 
the heading of physical tests, but it finds, nevertheless, a suitable place in 
this connection. 

The liability of india rubber goods of various descriptions, but more 
particularly tire covers, to develop, often to a very disagreeable degree, the 
defect known as suncracking, is very generally recognised. It is the 
result of the oxidation of the india rubber by the atmosphere. The term 
‘suncracking ’ might therefore appear to be a misnomer, but, as a matter 
of fact, it emphasises very expressively the marked hastening of this 
oxidation under the influence of direct sunlight. 

To test the liability of any given sample of india rubber to suncracking, 
the most satisfactory way would appear to be to expose the sample to the 
sun’s rays for a certain period, perhaps together with some standard 
sample. This, of course, renders the test dependent upon the weather and 
season, and at best is a very tedious process, so that it is of some importance 
to have a more controllable test for this purpose. 

Suncracking being, as above stated, due to oxidation, the use of some 
form of oxygen more active than atmospheric oxygen at once suggests 
itself. Hence, no doubt, the repeatedly made suggestion to expose the 
india rubber to the action of ozone. The energetic action of ozone upon 


1 These two tests are collectively known as the ‘ Admiralty Test.’ 
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india rubber is well known, but it is by no means easy to regularly obtain 
a gas of the same concentration, and without this the results obtained 
would be almost worthless. 

Of the numerous oxidising agents, nitric acid could not be used, as it 
not only oxidises india rubber, but also forms nitro and nitroso compounds 
with it. There is no such objection in the case of chromic acid and the 
alkaline chromates and permanganates, but the aqueous solutions in 
which these have to be employed preclude any but the merest surface 
action. This also applies to aqueous solutions of hydrogen peroxide. It 
has been stated that an ethereal solution of hydrogen peroxide has a strong 
action upon india rubber, converting it completely into a resinous mass 
soluble in‘alcohol. Unfortunately, however, this statement appears to be 
devoid of foundation—at least, I have never observed any action whatever 
of either dilute or concentrated ethereal solutions of hydrogen peroxide 
upon india rubber. 

Some years ago Wo.rrenstein! described an acetone peroxide 
[(CH,),.CO,], obtained by the action of hydrogen peroxide upon acetone. 
This compound dissolved in benzene readily attacks india rubber. In the 
dry state it is, however, highly explosive, and I prefer, therefore, not to 
isolate it, but to employ it for the test as follows :— 

20 grms. of acetone are mixed with 60 c.c. of 20 per cent. solution of 
hydrogen peroxide, and the mixture, which will keep unaltered for a long 
time, is allowed to stand for at least a fortnight before using. The test 
is then carried out by immersing in this mixture, for a period of at least 
two days, weighed strips of equal area of both the sample to be tested 
and the standard with which it is to be compared. After two days’ 
immersion the samples are withdrawn, washed with a little acetone and 
water, and dried at 100° C. The increase in weight denotes the amount 
of oxygen absorbed, and is a fairly reliable measure of the relative sun- 
cracking liability of the sample tested. 

I have so far applied this test to the examinations of tire covers only, 
and the results have proved very trustworthy and in close agreement with 
the observations on strips exposed to sunlight for prolonged periods. 

5. Electrical Tests.—The two most important electrical tests in 
reference to india rubber, and with which every chemist engaged in 
practical india rubber work ought to be sufficiently familiar to dispense 
with the assistance of an electrician, are the insulation test and the 
electrostatic capacity test. These are carried out in the following 
manner :— 


Measurement of Insulation Resistance, 


The apparatus required consists of a galvanometer of high sensitiveness. 
A reflecting galvanometer of the THomson type with a resistance of about 


1 Ber., xxviii. p. 2265, 
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20,000 ohms is preferable, but for many purposes the much less expensive 
D’ARSONVAL galvanometer will suffice. Either of these galvanometers is 
worked with any of the well-known forms of transparent scale. In parallel 
with any of these galvanometers, some convenient shunt is employed, by 
means of which any desired fraction of the current may be sent through 
the galvanometer. To determine the constant of the latter, the most 
convenient arrangement is a megohm resistance. ‘he further appliances 
required are a battery of at least a hundred cells, a battery key, and a 
short circuit key, together with two strong, perfectly plane brass plates 
provided with binding screws. 

The first operation is to ascertain the constant of the galvanometer. 
For this purpose the battery, short circuit key, megohm resistance, and 
galvanometer are connected in series, the shunt being connected in parallel, 
with the galvanometer in the manner indicated in the diagram fig. 19. 


Fic. 19.—Diagram showing disposition of apparatus for taking the 
galvanometer constant. 


In this diagram, g represents the reflecting galvanometer, s the uni- 
versal shunt, 0 the battery, m the megohm resistance, and & the short 
circuit key. For ordinary practice a reflecting galvanometer of the 
D’ARSONVAL type possessing a resistance of about 800 ohms is sufficient. 
The employment of a key in the galvanometer circuit, which is closed only 
when the short circuit & (battery circuit) has been closed, is indispensable. 

In taking the constant of the galvanometer, the centre line of the light 
spot on the screen is brought to zero, the shunt switch turned on the knob 
marked 1/1000, the battery key closed first, then the galvanometer key. 
The light spot will move up on the scale, and as soon as it has become 
stationary, its position is read off. By taking the number of degrees thus 
read, and multiplying it by 1000 (the dividing value of the shunt), we 
obtain at once the constant of the galvanometer—.e., the number of the 
scale deflection which would have been produced by the battery current 


| acting upon the galvanometer through a resistance of 1 megohm with 


the shunt at 1, when the whole of the current would pass through the 


galvanometer. 
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The constant being ascertained, we can now proceed to measure the 
insulation resistance of any material. India rubber should be used in the 
shape of a sheet or film, by substituting it for the megohm resistance in 
the manner shown in the diagram fig. 20. 

In this diagram, g again represents the galvanometer, s the shunt, 
k the short circuit key, and b the battery. The sheet to be tested (7) 
is placed upon the earth plate e, which is connected to the wire coming 
from the short circuit key. Upon the sheet under test is placed the 
circular brass plate p, which is connected to shunt and galvanometer. 
Surrounding this brass plate is the guard ring 7, made of brass, which is of 
larger diameter than the brass plate p. This ring is connected to the 
galvanometer side of the battery through the wire 7’, and it serves to 
annul the effect of any surface leakage of current over the surface of the 
sheet 1. 
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Fic. 20.—Diagram showing disposition of apparatus for determining 
insulation resistances. 


In practice it is also necessary in this case to employ a separate key in 
the galvanometer circuit. Great care must also be taken to have the 
shunt switch turned on the 1/1000 knob before closing the battery key, 
and then to close, in its turn, the galvanometer key. 

On depressing the galvanometer key, the light spot on the scale rapidly 
moves up, and after a few seconds begins to move again slowly backwards. 
The slower and steadier this backward movement proceeds, the better the 
insulating material under test, apart from the actual insulation resistance 
ultimately ascertained. After one minute’s electrification, the reading of 
the position of the spot on the scale is taken. 

If the amount of deflection produced is very slight, the shunt switch is 
shifted to the knobs bearing successively lower dividing values until a 
distinctly readable deflection is obtained. 

The insulation resistance is then calculated in the following manner :— 
Assuming that in taking our constant we obtain, with the shunt switch at 
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1/1000, a deflection of 15 degrees on the scale, then the galvanometer con- 
stant for a resistance of one megohm is 15x 1000=15000. We then 
remove the megohm resistance, inserting in its place the two brass plates, 
between which the dielectric material to be tested has been placed. We 
then put the guard ring 7 in position, concentrically to the round brass 
plate p, and taking care that it is in contact with the dielectric only, and 
not, at any point, with the lower brass plate. Then we connect the guard 
ring to the battery arm, as shown in the above illustration. 

We place the shunt switch at 1/1000, close the battery key, and sub- 
sequently the galvanometer key. If no readable deflection be obtained, 
the shunt switch is turned on to the next following knob 1/300, Assuming 
now we obtain a deflection of 9 degrees, the deflection without the shunt 
would have been 9 x 300=2700 scale divisions. Now, as the insulation 
resistance is inversely proportionate to the deflections, the following pro- 
portions obtain :— 

FO00G 32700 2 sal, 


or ape 15000 
2700 
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This figure is, of course, only relative—7.e., it is inversely proportional to 
the area of the brass plate p, but directly proportionate to the thickness of 
the dielectric. Consequently, in stating the result, the area of that plate 
and the thickness of the dielectric must be stated at the same time. Thus, 
if the area of the test plate is 200 sq. cm., the thickness of the sheet 3 mm., 
the result would be recorded thus :— 


Resistance of ‘ Insulating Compound’ per 200 sq. cm. area, 3 mm. thick = 5°5 a, 


Or, if it should be desired to reduce the result to a smaller unit area of 
the same thickness, this can be done by multiplying the result by the area 


-of the test plate, and dividing the product by the unit area selected. 


To ascertain the thickness of such plates or sheets of dielectric materials, 
the screw micrometer is the most convenient instrument, and is sufficiently 


accurate. In working with india rubber sheets which have frequently to 


be tested in the unvulcanised plastic state, the usual form of these instru- 
ments with very narrow contact pins is, however, rather unsatisfactory, the 
readings, owing to the yielding nature of the material to be measured, 
being liable to be too low. For this reason, that form of micrometer with 
special broad contact plates, as made for paper makers’ use, is much to be 
preferred. This instrument (see fig. 21) should also be provided with a rack 
work head to prevent the application of undue or variable screw pressure. 
The electromotive force of the battery to be employed in the above tests 


-depends, of course, materially upon the nature of the dielectric substance 


to be tested. On the whole, it may be said that the results are the more 
trustworthy, the higher, within certain limits, the E. M. F. of the testing 
battery. For tests on india rubber and gutta percha, a battery of from 


3 to 400 cells (5 to 600 volts) is generally used ; but in many cases it may 
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be desirable to employ a lower voltage, and when experimenting with some 
new material, it is generally advisable to ascertain in 4 few preliminary 
tests the most suitable number of celis to employ. 

The above described insulation test is, of course, the most important 
test applied to technical dielectrics, but it is not the only important test. 
The electrostatic capacity, also the coefficient of self-induction of a 
dielectric material, are in many cases of almost equal importance, especially 
in submarine and telephone cables. But as these tests require a very 
fully equipped electrical laboratory or test room, which is generally under 
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Fie. 21.—Micrometer. 


the control of a specialised electrician, their detailed description here 
would be out of place, and for full information on this subject I refer the 
student to the larger works on electrical testing. It is certainly indis- 
pensable that every chemist interested in the electrical properties of india 
rubber and its congeners should possess not only a sound theoretical 
training in electricity, but should also be thoroughly familiar with the 
practical methods of electrical testing. 


(0) Curmioat Anatysis or ManuractureD Inp1a RUBBER. 


The great value of the physical tests applied to india rubber articles 
has long been recognised, but, until comparatively recently, chemical tests 
were only used in a somewhat random fashion. The analytical investiga- 
tion of manufactured india rubber, and the analytical control of the works’ 
production, is even at present practised by a few only, and is by some still 
looked upon merely as a gratuitous attempt on the part of the chemist to 
supersede the ‘practical man,’ and to intrude where he is neither com- 
petent nor required. This attitude of the ‘trade,’ unfortunately, does not 

1 KemPe’s Handbook of Electrical Testing may be particularly recommended. 
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even exclude that of a considerable number of the heads of india rubber 
works. There is no doubt that at the present moment the chemical 
analysis of india rubber has not yet reached the importance to which it is 
certain ultimately to attain, but this is largely, if not entirely, due to the 
fact that our means for the interpretation of the already numerous 
analytical data which are available are very scanty and inadequate. But 
this defect is clearly remediable, and its force will become increasingly less 
as the chemistry of india rubber progresses. Already, at the present 
moment, chemical analysis is capable of elucidating many of the most 
difficult and abstruse points With which we are confronted in the 
manufacture, of often furnishing an explanation of the causes of premature 


decay in rubber goods, and, in conjunction with the physical tests, of 


supplying in the fullest manner all the necessary data for the satisfactory 
control of the production of the factory. 

Thus, although at the present moment the advantages of chemical 
analysis in reference to india rubber are necessarily restricted by our very 
fragmentary knowledge of india rubber from the purely chemical point of 
view, this, so far from being an argument for the exclusion of the 
resources of chemistry from the india rubber industry, should rather act 
as a stimulant to bring to bear upon the working methods of this great 
branch of manufacture the possibilities lying in chemical analysis and 
research, which, in the century just closed, have proved themselves the 
most powerful agents for quite unexampled developments of old, as for the 
creation of new, industries. 


General Scheme of India Rubber Analysis. 


The fundamental difficulty of the analysis of india rubber, as, indeed, 
of most technical products, lies in the fact that what is required is not an 
elementary analysis, but a determination of the independent composite 
substances contained in the manufactured goods, Seeing the almost 
countless number of substances, both organic and inorganic, which may, 
with or without some clearly conceived reason, be incorporated in a 
‘rubber mixing,’ it is obvious that in many cases the complete qualitative 
and quantitative analysis of a rubber article may be a very formidable 
task, taxing in the highest degree the resources and perseverance of the 
chemist. Indeed, in many cases the definite qualitative identification, of 
some of the minor constituents especially, may be quite impossible, and in 
other cases where we may succeed in identifying a number of these 
constituents, their quantitative determination may be found impossible. 
I may, however, at once point out that cases where these difficulties render 
the analyst’s efforts altogether nugatory are of the rarest occurrence. As 
a matter of fact, the very detection of the presence of such substances 
which defy exact identification, and consequently also quantitative 
determination, very frequently gives sufficient indirect information respect- 
ing their nature as to lead to their ultimate recognition. 
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It will be evident that in a very large number of cases there is 
absolutely no necessity for a full and detailed analysis, and it is frequently 
quite sufficient to determine the various constituents in groups, or to 
determine the components of one only of these groups. The objection that 
india rubber analysis can be accomplished only with an inordinate 
expenditure of time is therefore quite inadmissible. On the other hand, 
over and over again it can be observed that weeks of time and considerable 
expenditure are wasted in ‘practical experiments’ in the factory, where an 
analysis would have at once solved the whole difficulty. 

In its broadest sense the analysis of india rubber consists in the deter- 
mination of the following five main groups :— 

I. India Rubber. 
II. Organic Constituents not Rubber. 
III. Sulphur. 


IV. Chlorine. 
V. Inorganic Constituents other than Chlorine and Sulphur. 


In actual practice, even in those cases where, for the purpose in view, 
a division into these broad groups would suffice, the analysis cannot be 
carried out so as to yield simply the respective proportions in which either 
of these four groups is present in any given sample. This could only be 
done in respect of groups III., IV., and V., but the result in respect of 
the former would be almost worthless unless the absence of sulphuretted 
substitutes were known with certainty. 

The above five groups comprise within them the following sub- 
divisions :— 
. India Rubber. 
. Recovered India Rubber. 


. Balata. 
. Gutta Percha. 


Fatty Substitutes (Sulphides, or Chlorosulphides), 

. Fatty Substitutes (Oxidised or ‘ Blown’ Oils). 

. Free Fatty Oils. 

. Mineral and Resin Oils. 

. Solid Hydrocarbons (Paraffin Wax, Ceresin, Ozokerite), 
. Resins. 

. Pitches (Coal Tar Pitch, Stearine Pitch). 

. Bituminous Bodies (Elastikon, Asphaltum). 

. Carbohydrates (Starch, Cellulose). 

. Organic Bodies not above named. 


II. 


III. a. Sulphur of Vulcanisation. 
. Free Sulphur. 
. Sulphur in Organic Constituents other than Rubber. 


. Sulphur in Inorganic Constituents, 
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. Chlorine in India Rubber. 
. Chlorine in Fatty Substitutes, 
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. Filling or Weighting Agents. 
. Sulphur Carriers, 
. Colouring Agents—Pigments, Lake Pigments, 
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This list appears formidable, but, as a matter of fact, it is no more so 
than the list of constituents often ascertained in inorganic analysis. Just 
as ultimate analysis is simplified through the use of ‘group reagents,’ so 
in the same way the constituents of india rubber articles can be separated 
into groups. We obtain in this manner, in the first instance, a very general 
view of the composition of the article under analysis, which is then further 
developed by subdividing these different groups into their several con- 
stituents. 

The Preparation of the Samples for Analysis.—The procuring of a 
representative average sample for analysis is one of the most important 
operations, but certainly also frequently one of the most difficult. The 
proportion of the various constituents is scarcely ever the same throughout 
the sample—indeed, it varies often very considerably, alike to the dis- 
advantage of the article as of the analysis. The reason, of course, lies in 
the difficulty of mixing colloidal masses homogeneously with each other 
and with the various pulverulent substances employed in rubber com- 
pounds. 

It is therefore important, in order to obtain a fair average sample, to 
procure as large a sample of the article to be analysed as possible, and to 
grind it between a pair of ‘mixing rollers. With rare exceptions all 
vulcanised rubber goods are thus converted into’'a mass of fine flakes. 
This mass, after being well mixed, is again passed through the rollers, an 
operation which is repeated a number of times, and in this manner a 
material sufficiently homogeneous for analysis is obtained. 

Of course, cutting a strip from end to end from a sample to be analysed, 
and cutting this into very fine pieces, may serve as an approximation, 
but it is a very tedious process, and the material is not in such a porous 
and permeable condition as the above described grinding produces in it. 
Every laboratory in which much rubber work is done should therefore 
possess a model mixing roller. This may be worked by hand as long as 
the width of the rollers does not exceed 6 inches; beyond this, mechanical 
power is required. Model machines of this kind in various sizes are made 
by Messrs. J. Robinson, Salford, Manchester, and fig. 22 illustrates a 
laboratory ‘dry-mixer’ of their design. 

It is scarcely necessary to point out that before passing any rubber 
articles through this machine, constructive materials, such as cloth inser- 
tions, etc., must be carefully removed. This offers little or no difficulty 
in all those cases where the fabric is completely exposed on one side of 
the article, as, for instance, in waterproof fabrics or bicycle tire covers. 
Thoroughly saturating the fabric with benzene is generally quite sufficient 
to enable its being stripped off the india rubber. 

In waterproof cloth it is, in spite of this treatment, often difficult to 
strip the rubber films, either owing to their extreme thinness, or on 
account of the films being too weak in consequence of the large amounts 
of non-rubber constituents they may contain. In this case the simplest 
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procedure is to saturate the cloth side with benzene, and, as soon as the 
rubber film begins to shrivel, to place the fabric, rubber face upwards, 
upon a glass plate, when the ‘proofing’ can be completely scraped off by 
means of a good sized palette knife. The rubber obtained from any 
articles thus treated must, of course, be dried in a water oven before it is 
further proceeded with. 

‘Built up’ articles—z.e., articles containing rubber mixings of different 
composition in superposed layers (electric cables, with their ‘pure rubber 
lapping,’ ‘inner separator,’ and ‘outer jacket,’ are good examples of this 
class of goods)—should be separated into these respective layers, and each of 


ia, 22.—Mixing machine (Laboratory scale). 


these be analysed separately. In this case it is almost always desirable 
to determine the ratios of the weights of these different layers to the 
weight of the whole article. The separation of such layers of different 
composition may often be accomplished by making a slight starting split 
with a knife along the plane of union of the two layers, when frequently 
a practically complete separation may be effected by the exercise of a 
little patience and some manual dexterity. Occasionally this separation 
takes place with quite surprising ease, but quite as often it may be found 
utterly impracticable, and in this case a tedious dissection by .means 
of a sharp knife is the only means available. This, of course, renders 
a determination of the weight ratios of the different layers by the above 
suggested process practically impossible, but a very satisfactory and 
accurate way of obtaining these data consists in the preparation of a_ 
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‘eross section of the sample, measuring the exact thickness of each layer 


(either macroscopically or microscopically, according to the thickness of 


the object), and multiplying the thicknesses measured by the specific 
gravities of the respective layers. The figures thus obtained are exactly 
the desired ratios. 

The samples prepared for analysis should be kept in air-tight bottles, 
which should not be exposed unnecessarily to daylight, and never to direct 
sunlight. Samples which are to be preserved for future reference, par- 
ticularly those which are or may become objects of legal proceedings, must 
be preserved in sealed glass tubes. 

Analytical Methods.—A brief glance at the list of the chief constitu- 
ents to be met with in manufactured india rubber shows that they may 
contain quite a number of substances soluble in neutral organic solvents 
of low boiling points. Some, indeed, contain substances (inorganic salts,! 
dextrine) soluble in water, but these cases are rare. It may therefore 
occasionally be of importance to boil a small quantity of the sample with 
water, determine the reaction of the solution, and ascertain whether, after 
having been filtered, it leaves a residue which can be further examined. 
If the water shows an acid reaction, this is generally due to the sample 
having been vulcanised with sulphur monochloride. Very frequent also is 
the presence of sodium chloride in the aqueous extract, as this is a very 
frequent constituent of ‘white substitute,’ in the manufacture of which 
sodium bicarbonate has been employed. 

The treatment of india rubber with organic solvent requires some 
consideration. Carbon bisulphide and benzene are excellent solvents for 
free fatty and mineral oils, solid hydrocarbons, and similar substances. 
At the same time, they are, however, also solvents for india rubber and its 
congeners, and although vulcanised india rubber is practically insoluble in 
all solvents, this is, strictly speaking, only true in those cases where the 
india rubber is fully vulcanised. Even more serious is the fact that many 
of the ‘brown substitutes’ yield to these solvents considerably more than 
the free fatty oils they contain. ‘This is, of course, a serious objection, as 
their employment would result in the appearance of these bodies in two 
different analytical groups. 

The alcoholic solvents are free from these objections, but they are very 
bad solvents for the hydrocarbon oils, although, on the other hand, they are 
on the whole good solvents for the resins, or, at least, of those which are 
used in the manufacture of india rubber goods. 

Acetone is, however, the sclvent which is free from any of the objec- 
tions applying to the above named solvents. It will, particularly at higher 
temperatures, easily dissolve all the oily and resinous constituents of india 
rubber, gutta percha, and Balata without dissolving a trace of any of these 
last named bodies themselves. It also readily dissolves free fatty oils, 


1 Thave found goods containing as much as 6 per cent. sodium carbonate, though 
what the merit of this addition is supposed to be I have never been able to ascertain. 
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mineral oils, solid hydrocarbons, resins, and the free sulphur. For this 
reason Ihave made use of this solvent for years, and always found it to 
answer most satisfactorily. | 

In carrying out the extraction of an india rubber sample with acetone, 
from 1°5 to 2 grms. of the sample are placed in one of Schleicher and 
Schiill’s extraction thimbles, which is inserted in the extractor. The type 
of extractor to be used is a matter of some importance, as upon this depends 
to a considerable degree the rapidity with which the extraction may be 
completed. The most generally used form of extraction apparatus is the 
one devised by Soxhlet, and as long as its capacity does not exceed from 


Fic. 23.—Apparatus for the extraction of india rubber samples. 


50 to 60 ce, it answers fairly well, but for our purpose I very much 
prefer a form of extractor in which an inner tube, which receives the 
thimble, fits into an outer jacket, so that there remains a free annular 
space between them through which the vapour of the extracting liquid 
may pass up into the reflux condenser, thus keeping the material to be 
extracted always at the temperature of the boiling liquid. Care need 
only be taken to arrange the tube leading from the reflux condenser to 
the inner extractor tube in such a way that the condensed solvent falls 
straight into the thimble containing the material to be extracted. In this 
apparatus even the most refractory sample can be extracted in less than 
five hours, whereas about double that time is required if a Soxhlet appar- 
atus be used. 
The whole of the apparatus is shown in working order at fig. 23. 
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The separation effected by this extraction in reference to our list of 
constituents on page 236 is as follows :— 


A,.—Extract. B, —Residue. 


I. Oily and Resinous Constituents of I, India Rubber, Gutta Percha, Balata. 
India Rubber. 


Sulphur in Organic Constituents 
other than Rubber. 
Sulphur in Inorganic Constituents. 


IV. Chlorine in India Rubber. 
Chlorine in Fatty Substitutes. 


V. All Inorganic Constituents. 


II. Free Oils from Substitutes, II. Chlorosulphide Substitutes. 
Free Fatty Oils. Sulphide Substitutes. 
Mineral and Resin Oils. Oxidised or ‘ Blown’ Oils. 
Solid Hydrocarbons. Pitches, Tar. 
| Resins. Bituminous Bodies. 
Organic Bodies not named above (?). Carbohydrates. 
Organic Bodies not named above (7). 
III. Free Sulphur, III. Sulphur of Vulcanisation. 


- It will at once be seen that the complete analysis of this extract may 
be a very difficult matter—indeed, it may safely be said that our present 
day methods would be utterly inadequate for the analytical disentangling 
of such a mixture, this being particularly so in view of the fact that the 
quantities of substance on which this would have to be done rarely exceed 
10 per cent. of the rubber sample. 

There is, however, scarcely ever any need for a complete analysis of 
this extract, an investigation of its general characteristics yielding sufficient 
indication respecting its nature. 

If the extract forms a more or less viscous liquid, it may be taken for 
certain that it does not contain any solid hydrocarbons or resins, both of 
which, even in small quantities, deprive fatty and mineral oils of their 
fluidity. 

If, on warming the extract with about 5 c.c. of absolute alcohol, there 
remains a liquid residue, this consists of mineral oils, If the warm alcohol 
on cooling deposits voluminous flakes, the presence of solid hydrocarbons 
(paraffin wax, ceresin, ozokerite) is a practical certainty. 

A rough estimation of the fatty oils present may be effected by extract- 
ing at least 10 grms. of the sample, saponifying the extract with 25 c.c. of 
standard alcoholic caustic potash, and titrating back with standard hydro- 
chloric acid.!_ As the fatty oils present, in nine out of ten cases, consist of 
colza oil, we may assume that every 172 merms. of caustic potash which has 
disappeared in the saponification represents 1 grm. of the fatty oil present. 

In the presence of a composite extract, the determination of the amount 
of extract derived from the india rubber is an absolute impossibility, largely 
_owing to the very indifferent character of the soluble matter contained in india 

1 This is practically the KorrrsTorFER test. 
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rubber. A very little experience will suffice to enable the worker to judge 
from the appearance of an extract as to whether it is derived from india 
rubber solely, or whether it is contaminated with one of the other sub- 
stances named in schedule A. 

Of course the acetone extract also contains the whole of the free sulphur 
present, the amount of which in the various india rubber articles may vary 
from nothing to 20 per cent. and more. In rubber analyses pretending to 
the highest attainable degree of accuracy, the weight of the free sulphur 
must, of course, be deducted from the weight of the total acetone extract. 
If the free sulphur separates out in the extract in the form of well-shaped 
crystals, this is an unmistakable sign of the absence of oily or resinous 
ingredients other than those derived from india rubber, or of solid hydro- 
carbons, in the extract. In this case the acetone is distilled off, the flask 
dried in a water oven, and the weight of the total dry extract ascertained. 
The dry extract is then treated five times in succession with increments of 
2 c.c. of acetone, and these washings are filtered through a small filter into 
a weighed flask. As this filter may contain a few crystals of sulphur, it is 
placed in the original flask and washed with 5 c.c. of carbon bisulphide. 
After the solvents have been driven off on the water bath, the two flasks 
are dried, and their contents of organic extract and sulphur ascertained 
respectively by weighing. 

This method involves an error due to the solubility of sulphur in 
acetone. This error is represented by from 5 to 6 mgrms. of sulphur dis- 
solving in the 10 c¢.c. of acetone used for the above separation, and it is 
therefore necessary to increase the amount of sulphur, and to reduce the 
organic extract by this amount in the subsequent calculations. 

If the extract is of a highly composite nature, and especially if solid 
hydrocarbons are present, the above method for the estimation of the free 
culphur cannot be employed. If, nevertheless, its direct estimation be 
deemed important, it may be effected by oxidising the whole of the acetone 
extract with fuming nitric acid on the water bath, diluting with water, 
filtering and washing, and finally precipitating the sulphuric acid formed 
as barium sulphate. 

For the detection and determination of tar, pitches, and bituminous 
bodies (asphaltum) in india rubber, Henriques proposed to treat the 
sample in the cold on a filter with nitrobenzene. If freshly distilled, and 
therefore very pale-coloured, nitrobenzene is used, this method allows us to 
detect the presence of the above bodies by the dark colour of the nitro- 
benzene passing through the filter. In the presence of tar or pitches the 
colour of the filtrate is a brownish-black; asphaltum dissolves with a 
characteristic rich mahogany colour. The direct gravimetric estimation of 
the substances present in the extract is, however, impossible owing to the 
very high boiling point of nitrobenzene. 

HENRIQUES’ process consists in treating 1 grm. of the sample with 30 c.c. 
of nitrobenzene at the ordinary temperature in a small beaker for about 
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one hour. The mass is then transferred to a filter, and the solvent squeezed 
out as much as possible by pressing it with a small pestle. It is then 
washed with another 30 ¢.c. of nitrobenzene. ‘The residue is then washed 
with water into a porcelain basin and boiled with water until all the nitro- 
benzene has disappeared. ‘The washed mass is then dried and weighed, the 
loss consisting of the above named bodies. 

According to Henriques, tar, pitch, and asphaltum are completely 
soluble in nitrobenzene. As a general statement, this is certainly not 
correct. Very frequently these bodies contain a not inconsiderable amount 
of insoluble matter which is not extracted in the above treatment. This 
is not of much account, as the amount of these substances used in rubber 
mixings is, as far as my experience goes, always very small, scarcely ever 
exceeding 2 per cent. Samples like those quoted by Hunriquns, containing 
respectively 8, 21, and 14 per cent. of asphaltum, I have never met with, 


and I doubt very much whether they represent bond fide manufactures. 


I look, nevertheless, upon the direct estimation of these bodies as a 
matter of some importance, as, in the first instance, their employment in a 
‘mixing’ must always be regarded as a matter of not inconsiderable 
technical significance. Moreover, as all asphaltum contains from 3 to 10 
per cent. of combined sulphur, the estimation of the latter can rarely be 
neglected, and this estimation is only possible if we get the actual extract, 
free from its solvent, to deal with. 

This I carry out by following up the extraction with acetone by an 
extraction with pyridine without any intervening drying of the paper cone 


and its contents. After removing from the extractor the flask containing 


the acetone extract, I therefore at once connect the extractor with a 
weighed flask containing about 60 c.c. of pyridine (B.P. 109 to 111° C.).1 
This flask I heat in an oil bath, the temperature of which is kept between 
116 and 120° C. In the presence of tar, pitch, or asphaltum, the paper at 
once assumes a more or less pronounced brown colour, and I continue 
extraction until it has assumed its normal tint. I then distil the pyridine 
off on an oil bath, the temperature of which is again kept at from 
116 to 120° C. The employment of a sand bath is inadvisable on account 
of the risk of overheating towards the end of the distillation. 

On removing the flask from the oil bath, it is carefully cleaned with 
filter paper, and finally with filter paper moistened with benzene. ‘The 
flask is then heated in a water oven until the smell of pyridine has dis- 
appeared. Subsequently the weight of the extract is ascertained. 

Whether the extract consists of tar, pitch, or asphaltum may generally 
be decided by an examination of the consistency and colour of the extract, 
tar being a black viscid liquid, pitch a ductile black mass, and asphaltum 
a brittle, very dark brownish-maroon substance. A mixture of any two of 
these substances would be extremely difficult to detect. But this is 
scarcely of any account, as the employment of such a mixture would be 

1 Pure pyridine boils at 116° C. 
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due to the individual fancy of the manufacturer rather than to any 
particular virtue of the blend. 

The addition of all these substances to rubber mixings only serves the 
purpose of softening the india rubber without subjecting it to an undue 
and detrimental amount of mechanical working. This softening may be 
desirable, either for the purpose of enabling the rubber to take up readily 
large quantities of mineral matter, or to assist in any subsequent calender- 
ing of the rubber mixing. 


The separation we have effected by this pyridine extraction is shown in 
the following schedules :— 
C. —Extract. D.—Residue. 


I. India Rubber, Gutta Percha, Balata. 


bar. II. Chlorosulphide Substitutes. 
Pitch. Sulphide Substitutes. 
Bituminous Bodies. Oxidised or ‘ Blown’ Oils. 
Carbohydrates. 
III, Sulphur in Extract. III. Sulphur of Vulcanisation. 


Sulphur in Organic Constituents 
other than Rubber. 
Sulphur in Inorganic Constituents. 


IV. Chlorine in India Rubber. 
Chlorine in Fatty Substitutes, 


VY. Inorganic Constituents. 


' The estimation of the sulphur in all the various forms in which it may 
appear in manufactured india rubber is one of the most important points 
in the complete analysis of a rubber article. We must, therefore, also test 
for sulphur in the pyridine extract (C), and if any be present, determine 
its amount quantitatively. The sulphur in this case cannot be present in 
the free state, but only in organic combination, for it cannot be 
estimated by the method adopted for its determination in the acetone 
extract, owing to the frequent conversion of these organic sulphides, 
partially at least, into sulpho-acids, the barium salts of which are soluble 
in dilute hydrochloric acid. The following procedure is therefore 
adopted :— ~ 

The pyridine extract is oxidised on the water bath with fuming nitric 
acid in the flask in which it was weighed. As soon as complete solution 
is obtained, it is transferred to a porcelain incinerating dish of about 6 cm. 
diameter. The flask is then washed with hot fuming nitric acid, the 
washings being added to the contents of the dish. The whole is now 
concentrated to a syrupy consistency, about half a grm. of pure sodium 
acetate is added, and evaporation continued to dryness. The dry residue 
is ignited over a Bunsen burner, the carbonaceous mass completely oxidised 
by slowly adding the requisite quantity of sodium nitrate, and the mass 
allowed to cool. It is then dissolved in hot water, the solution filtered, 
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and the filter washed neutral with water. After acidulating the filtrate 
with hydrochloric acid, the sulphuric acid is precipitated, and its amount 
ascertained in the usual manner. 

We proceed now to determine in the residue from the pyridine ex- 
traction (D) the amount of fatty substitutes present. This is carried out 
by the very simple and satisfactory method due to Henriques, and which 
is based upon the fact that all these substitutes are still essentially 
triglycerides, and, as such, saponifiable with caustic soda or potash. 

Before applying this saponification test, the residue D is freed from all 
adhering pyridine by washing it in the extraction thimble with acetone. 
It is then dried, weighed, completely transferred to a wide-necked flask, 
and after addition of 25 ¢.c. of alcoholic caustic potash or soda, heated 
upon the water bath on a reflux condenser for from three to four hours. 
In important cases it is advisable to repeat this treatment with a fresh lot 
of caustic potash, All the alcoholic liquors are carefully collected, the 
insoluble residue washed upon a filter with boiling water, and completely 
freed from alkali by washing with water. All these washings are united 
with the alcoholic saponification liquors. 

The filter residue is dried in a water oven in a current of coal gas. 
This is best carried out by placing the residue in a weighed wide-necked 
flask provided with a doubly perforated cork stopper. Through these 
perforations pass two short pieces of glass tubing. The one of these is 
connected to the gas supply, the other to the Bunsen burner, heating the 
bath by means of india rubber tubing which is passed into the oven 
through its aperture at the top. The residue is thus dried in a current of 
coal gas to avoid oxidation, which, without this precaution, might affect 
the final result to a very considerable extent. The dry residue is finally 
weighed in the flask, and the loss of weight very accurately represents the 
weight of the fatty substitutes removed by saponification. The percentage 
represented by this amount must, of course, just as all the previously 
ascertained data, be calculated upon the original weight of the sample 
taken, and not upon the weight of the residue from the pyridine 


extraction. 


According to Hunriqusgs, the above described method for the determina- 
tion of the fatty substitutes is liable to be vitiated by the fact that the 
india rubber retains as much as 6 per cent. of its weight of caustic potash 
in an insoluble condition, and he states that this alkali can only be 
removed by boiling the india rubber with dilute hydrochloric acid. Of 
course there is no objection to this treatment in the case of india rubber 
free from mineral matter, or of india rubber free from mineral matter 
‘soluble in hydrochloric acid. But, as a rule, the greater part of the 
mineral matter used in rubber mixings is soluble in hydrochloric acid ; 
others are partially soluble, undergoing decomposition under the influence 
of the acid. It will readily be perceived that in such cases this treatment 
would very considerably complicate the determination of the mineral 


246 INDIA RUBBER AND ITS ANALYSIS. 


constituents of the rubber articles, all the more so as the complete removal 
from india rubber even of those inorganic bodies which are easily soluble 
in hydrochloric acid is an extremely tedious operation. I have found, 
however, that the absorption of alkali by the india rubber is not what 
would appear to be a somewhat obscure function of the india rubber itself, 
but is entirely due to the presence of resinous bodies in the latter. If these 
are removed before the application of the above described saponification 
process, the absorption of alkali by the india rubber is too insignificant 
as to call either for Hznriquxs’ hydrochloric acid treatment, or for any 
other correction. But this is exactly what our first operation, the 
extraction with acetone, accomplishes. 

The fatty substitutes extracted are either chlorosulphides, sulphides, 
or oxides of triglycerides, and it is generally of importance to ascertain 
which of these is present. Not infrequently two of these substitutes are 
used in rubber mixings, but which of them can be discovered fairly 
approximately only by a quantitative estimation of the amount of chlorine 
and sulphur present in the saponification liquors ; and as these figures are 
also of importance in respect to the question of the vulcanisation of the 
rubber sample under examination, their determination becomes almost 
invariably necessary. 

This I carry out by evaporating the whole of the washings which have 
been collected from the saponification process, in a porcelain basin, to a 
volume of about 50 ¢.c. This is then made up to 100 c.c. with water in a 
graduated cylinder, the water which has to be added being used to wash 
the basin. I then take 50 c.c. of this solution, evaporate it to dryness in 
an incinerating dish, ignite over a Bunsen burner, oxidise the carbonaceous 
matter by the careful addition of sodium nitrate, dissolve the subsequently 
resulting mass in water, acidulate with nitric acid, and add silver 
nitrate. Any precipitate of silver chloride thus obtained is filtered off, 
treated in the usual manner, and weighed. The amount of chlorine thus 
found must, of course, be doubled. 

The other 50 c.c. of the above solution are first oxidised on the water 
bath with bromine, or bromine water, in order to oxidise the alkaline sul- 
phides present, and are then concentrated by evaporation to the state of a 
syrupy liquid, which is oxidised with fuming nitric acid, evaporated to 
dryness and ignited, finally also being fused with sodium nitrate. The 
resulting mass is dissolved in water, and the sulphuric acid present deter- 
mined in the usual manner. It is obvious that the amount of sulphur thus 
ascertained must also be doubled. 

If there are chlorine and sulphur present, it will generally be found 
that their respective amounts appear approximately in the ratio of their 
molecular weights. In this case the fatty substitute present is either the 
chlorosulphide of one of the unsaturated fatty oils (colza oil)—z.e., ‘white 
substitute’—or a mixture of the latter with one of the ‘blown’ oil 
substitutes. 
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If there are both chlorine and sulphur present, but the latter consider- 
ably in excess of the above stated ratio, this is evidence that the fatty sub- 
stitutes employed are a mixture of ‘white’ and ‘brown’ substitute, or 
perhaps even of these two with a ‘blown’ oil substitute. 

The presence of sulphur only indicates the presence of either ‘brown’ 
substitute alone, or a mixture of it with ‘blown’ oil substitute. 

The absence of both chlorine and sulphur proves the substitute present 
to consist entirely of ‘ blown’ oil substitute. 

Further information on this point will be found in the next chapter, 
but attention may already here be drawn to the fact that if ‘white’ sub- 
stitute, as is frequently the case, is employed in the manufacture of hot 
vulcanised goods, it loses a more or iess considerable proportion of its chlorine 
in the form of hydrochloric acid. HENRIQUES assumed that in this case 
the hydrochloric acid escapes altogether during the process of vulcanising. 
This assumption is, however, entirely erroneous. The hydrochloric acid 
eliminated from the substitute is retained entirely by the india rubber, 
with which it combines to form polyprene hydrochloride, and it is also 
probable that some part of it, in the presence notably of litharge or 
calcium carbonate, combines with these. But as the de-chlorination of the 
‘white’ substitute under the conditions mentioned is far from complete, 
the presence of chlorine in the substitute cannot escape detection. 

The saponification of the residue D with caustic alcoholic potash has 
therefore resulted in the following further separation :— 


E.—Extract. F.—Residue. 


I. India Rubber, Gutta Percha, Balata. 


II. Chlorosulphide Substitutes. II, Carbohydrates. 
Sulphide Substitutes. 
Oxidised or ‘ Blown’ Oils. 


III. Sulphur in Fatty Substitutes. III. Sulphur of Vulcanisation. 
Chlorine in Fatty Substitutes. Sulphur in Inorganic Constituents. 


IV. Chlorine in India Rubber, 
V. Inorganic Constituents. 


For the separation of the india rubber from the mineral matter, Hmn- 
RIQUES proposed to employ the solvent action of boiling petroleum, or, 
rather, of those fractions of petroleum spirit boiling above 150° C. This 
is, however, an extremely unsatisfactory process, as the solvent named will 
attack very lightly vulcanised india rubber only. I subsequently suggested, 
and until quite recently practised, the use of boiling nitrobenzene, which 
is a far more powerful solvent, and yields solutions which are rather easier 
to deal with than those obtained by the aid of petroleum. But even this 
solvent is not capable of resolving satisfactorily samples possessing a vul- 
canisation coefficient exceeding 4 per cent. of sulphur, and the number of 
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such being rather large, the limitations of this process were often very 
restrictive. 

There remained, then, only the determination of the mineral matter by 
the most obvious process—namely, incineration. But to this process 
attaches the very serious objection that it interferes with the composition 
of the inorganic substances present in such a manner as to render al- 
together impossible the determination of the exact nature of the mineral 
substances added to the rubber mixing. Any mercury compounds volatilise 
altogether ; sulphides are converted into oxides or sulphates ; carbonates 
lose their carbonic acid ; oxides are converted into sulphides, which may then 
undergo further oxidation; carbon pigments, carbohydrates, animal and 
vegetable fibres are burnt off, and thus often unavoidably accounted for 
as ‘india rubber.’ As a rapid control for works’ purposes, the incineration 
test answers in the majority of cases well enough, but in the analysis of 
samples of unknown composition it is entirely unsatisfactory. 

Quite recently I have succeeded in finding a far more effective resolvent 
for even highly vulcanised india rubber than nitrobenzene. This substance 
is a-nitro-naphthalene. The readiness with which this body resolves india 
rubber possessing a vulcanisation coefficient of from 2 to 8 per cent. is 
perfectly surprising ; even samples showing vulcanisation coefficients up to 
15 per cent. are quickly and completely decomposed at a temperature of 
from 170 to 180° C. The solutions obtained in the nitrobenzene treatment 
are often extremely difficult to deal with, the mineral matter absolutely 
refusing to settle out,! and forming often practically unfilterable solutions. 
On the other hand, the solutions obtained in the nitro-naphthalene treatment, 
after dilution with benzene, and after a few hours’ standing, filter very 
readily, and yield clear filtrates. 

The only peculiarity the nitro-naphthalene treatment presents is one it 
shares with the nitrobenzene treatment—viz., that if it is applied to 
substances containing either red lead or ferric oxide, these bodies at 
a temperature exceeding 180° C. gradually oxidise the india rubber, con- 
verting it into black carbonaceous masses, which might afterwards be taken 
to represent carbon black present in the mixing. This difficulty may be © 
avoided in the case of the nitrobenzene treatment, by adding to the nitro- 
benzene, oth or 7';th volume of chloroform, whereby the boiling point is 
reduced from 208° C. to about 170°C. A mixture of 100 parts of nitro- 
naphthalene and 5 parts of chloroform also appears to act even better than 
nitro-naphthalene alone, but there is, of course, only an insignificant lowering 
of the boiling point in this case, and I prefer, therefore, to carry out the 
nitro-naphthalene treatment in an air bath which can without difficulty be 
kept at the safe temperature of 180° C. 

The treatment named, applied to residue F, for the separation of the 
india rubber from the mineral matter is therefore carried out as follows :— 
The residue F, the weight of which is known, is placed in a weighed wide- 


1 This is especially the case if the mineral matter consists of Sb,S;, or of ZnO. 
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necked flask together with from 60 to 70 grms. of a-nitro-naphthalene, 
M.P. 58°C, The flask is then placed in an air bath, almost completely 
enclosing it. The air bath carries a thermometer, and care should be taken 
that the temperature is kept as near 180° C, as possible. The form and 
construction of this air bath is represented in figs. 24 and 25, 

The cylindrical body (a) of the air bath is made of stout copper. It is 
provided with a covering of stout asbestos paper, or thin asbestos sheet. 
The bottom (0) of the bath should not be soldered to the body, but secured 
on the flanges ¢ by means of screws, joints being made with asbestos. 


6 
Fic. 24.—Diagram of air bath for Fie. 25.—Diagram of air bath, construction 
nitro-naphthalene extraction. of lid. 


‘This avoids much trouble in repairs, as the bottom of the bath has to be 


frequently renewed. On the top the body has a collar d provided, over 
which fits the cape. The latter is slotted in the manner shown in fig. 25, 


just wide enough to allow the neck of the flasks to pass. The flask being 


passed in the slot, it is secured in its position by the slide, and the grooves g 
in the edges of the two semicircular sections of the slot and the slide. 
Asbestos cording is fixed so as to secure a tight joint round the neck of 
the flask. The opening / is for the thermometer.! This is an extremely 


serviceable air bath. The desired temperature is reacned very quickly, and 


as easily regulated. It may be mounted on tripod legs, or simply placed 


on a round tripod of suitable dimensions. To prevent too direct a radiation 


1 This air bath may be obtained from Messrs. Fred. Jackson & Co,, 11 Half Moon 


Street, Manchester, 
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of heat from the bottom of the bath to the flask, I cover the former on the 
inside of the bath with a thin layer of fluffy asbestos fibre. 

During treatment the contents of the flask are at frequent intervals 
gently stirred with a small glass rod. The completion of the solution 
requires from fifteen to sixty minutes according to the description of the 
sample. If the solution is completed, the flask is taken from the bath, 
allowed to cool, diluted with about 150 ¢.c. of benzene, and left to stand for 
the mineral matter to settle out. The solution is then filtered, flask and 
filter washed thoroughly with warm benzene, and subsequently dried for one 
hour at 110° C. We obtain in this manner the weight of the mineral 
matter, pigment colours, carbohydrates, and organic fibrous materials which 
may be present in the sample. The loss of weight is put down as india 
rubber, including sulphur of vulcanisation and chlorine in india rubber 
(chlorine of vulcanisation). The separation effected is therefore as follows:— 


G.—Solution. H.—Residue. 


I. India Rubber, Gutta Percha, Balata. | II. Carbohydrates. 

; : III. Sulphur in Inorganic Constituents. 

Dissolved but not determined, ; ‘ 
age V. Inorganic Constituents. 

III. Sulphur of Vulcanisation. Fibrous Materials. 


IV. Chlorine in India Rubber. 


The india rubber cannot be recovered from its solution in the above 
filtrate, for the simple reason that it is no longer there in the form of india 
rubber, but of decomposition products of the latter. For this reason it is 
also impracticable to determine the sulphur of vulcanisation and the 
chlorine in the india rubber by means of this solution. 

It is also impossible, therefore, to detect admixture of the rubber with 
gutta percha or Balata as soon as the india rubber is at all fully vulcanised. 
In only slightly vulcanised articles it is possible to extract the gutta percha 
and Balata by repeated treatment of the original sample with cold benzene, 
and precipitation of the benzene extract with absolute alcohol. It is, how- 
ever, very rare that a sample of manufactured india rubber contains more 
than 1 or 2 per cent. of either gutta percha or Balata, and there is amongst 
india rubber technologists very considerable divergence of opinion respect- 
ing the practical value of these admixtures. 

Much more serious is the fact that, as yet, we are practically unable to 
detect, with any degree of certainty, the admixture of ‘recovered’ india 
rubber ; still less, of course, can we estimate its amount. Nor do the 
physical tests—in particular, the much vaunted tensile strength test—in the 
least assist us to arrive at any conclusion in this respect. This is all the 
more regrettable as ‘recovered’ india rubber is now very commonly used 
in goods in which its employment must appear in the highest degree in- 
judicious. This applies notably to bicycle and carriage tires. 
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In an earlier chapter (III.) I have shown that all recovered india 
rubber, in spite of its trade description as ‘devulcanised’ india rubber, 
still contains the whole of the sulphur of vulcanisation of the waste rubber 
from which it has been obtained. I have further shown that all this 
recovered rubber again takes part in the vulcanisation of the article 
manufactured with its aid. Indeed, this is even true of the ground rubber 
waste (rubber dust), which is also largely used in the manufacture of rubber 
goods. This must not infrequently lead to an abnormally high coefficient 
of vulcanisation,! which may therefore occasionally serve as a criterion as 
to the proportion of recovered rubber present. 

From the above it will be seen that there lies still a large unexplored 
field before us, and a great deal of patient research and experiment will 
be required before we shall be able to differentiate analytically the con- 
stituents of the rubber portion of a sample of manufactured india rubber. 

The filter with the residue 2 upon it is replaced in a funnel, and 
washed with water heated to boiling in the flask in which the nitrobenzene 
treatment was carried out. Washing the filter with 150 to 200 cc. of 
boiling water, added in small quantities at a time, is quite sufficient to 
remove from the residue all dextrine or soluble starch present. The filtrate 
is tested for the presence of dextrine or soluble starch by the iodine test. 

If either of these two substances has been detected, filter and flask are 
again dried as before, and the loss of weight noted. This loss may repre- 
sent either dextrine, or farina, or other starchy matter, which in the nitro- 
benzene treatment is partially converted into soluble starch, but chiefly 
into dextrine. To decide as to which form the carbohydrate is present in 
the rubber, some of the original sample is boiled with water for a few 
minutes. The water is then filtered off, and the filtrate tested for dextrine 
as above. According to the result of this test, the carbohydrate observed 
is put down either as dextrine or as farina. 

The result of this determination leaves our analysis as follows :— 


I.—Solution. K.—Residue. 
II. Carbohydrates. III. Sulphur in Inorganic Constituents. 
V. Inorganic Constituents (total). IV. Inorganic Constituents (detail). 


Not determined in solution G. 
III. Sulphur of Vulcanisation. 
LV. Chlorine in India Rubber. 


The items which have still to be determined are those appearing in the 
right column of the above table. 

Before proceeding with the residue K, it should be closely examined for 
the presence of vegetable or animal fibres. If any are present, and the 


Respecting the significance of this term, the chapter following should be consulted. 
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determination of their amount is of importance, a fairly approximate separa- 
tion from the mineral matter may be effected by shaking a weighed 
quantity of the residue with chloroform. This operation is best carried 
out by placing the residue in a test tube, pouring about 20 c.c. of chloro- 
form upon it, very slightly shaking the tube, and allowing it to stand for 
some time, during which it is repeatedly tapped. The mineral matter 
settles at the bottom, while the vegetable and animal fibres rise to the top. 
They are floated off into a dish by holding the test tube in an inclined position 
and overflowing it with chloroform which is run in from a pipette, the out- 
flow end of which is all the time kept in the chloroform in the test tube. 
The chloroform is evaporated from the dish, and the fibres remaining behind 
are transferred by the aid of a camel-hair brush to a watch-glass and 
weighed. From the weight of fibre thus found, the total amount of fibres 
present in residue K may be readily calculated. 

If the residue K contains any carbon black, the presence of which is 
always easily recognisable, the only way to estimate it with a fair degree 
of approximation consists in burning off part of the residue K with lead 
chromate in the manner adopted for the elementary analysis of organic 
bodies containing sulphur.! 

The detailed qualitative examination, followed by the quantitative 
estimation of the inorganic constituents of the mineral residue K, is, of 
course, conducted on the well-known lines of qualitative inorganic analysis, 
a description of which in this place is unnecessary. The variety of 
inorganic constituents to be found in manufactured india rubber isat times 
astonishing, often defying explanation. Nevertheless will it be found that 
in the large majority of cases a comparatively small number of inorganic 
compounds are used. A list of those compounds I have observed in a very 
large variety of rubber goods I give below. They are arranged approxi- 


mately in the order of their technical importance and the frequency with 
which they occur. 


Litharge, PbO. Infusorial Earth, Kieselguhr, SiO. 
Paris White, Whiting, CaCO, Zinc Sulphide, ZnS. 

Zine White, ZnO, Lead Sulphide, PbS. 

Lime, CaO. Lead Thiosulphate, PbS.03. 
Barytes, BaSO,. Lead Sulphate, PbSO,. 
Lithopone, ZnS, BaSQ,. Graphite, C (chiefly). 

Golden Sulphide, Sb,S,. Magnesium Carbonate, MgCOs. 
Lamp Black, C (chiefly). Pumice Stone Powder. 
Magnesia, MgO. Glass Powder. 

Red Lead, Pb,0,. Mica, 

Red Iron Oxide, Fe,0s. Arsenious Sulphide, As,S3. 
French Chalk. Zine Dust. 

China Clay. Aluminium Powder. 

Vermilion, HgS. Iron Filings. 

Plaster of Paris, CaSO. Brass Filings. 

Gypsum, Pearl White, CaSO,, 2 aq. Asbestos, 

White Lead. 


} If the residue contains graphite (plumbago), this would, of course, also be found as 
‘carbon’ in this process, 
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It may safely be said that fully 80 per cent., probably even more, of 
the manufactured india rubbers are produced with one or more of the 
first twelve of the above named substances present, and these are also the 
ones which are the easiest identified. In respect of some of the others, 
identification in the purely chemical way is often extremely difficult— 
indeed, frequently the easiest and quickest way consists in a microscopic 
examination. Gypsum, as distinguished from plaster of Paris, infusorial 
earth, lead sulphate, pumice stone, glass, mica, and asbestos, can readily be 
identified in this manner, and it is advisable to have a set of slides of all 
these products, simply mounted in air, always ready for comparison. In 
doubtful cases examination in polarised light often proves useful. 

For the quantitative determination of the inorganic compounds, the 
simplest way frequently is to dissolve a fresh part of the sample in nitric 
acid, evaporate to dryness, add a few drops of strong sulphuric acid, drive 
off the excess on the sand bath, and proceed with the residue in the well- 
known manner. But, if it is preferred, some of the original sample may, 
after extraction with acetone, be immediately subjected to the nitrobenzene 
treatment, and the quantitative determination of the mineral constituents 
completed by the analysis of the residue obtained. This course is 
particularly to be recommended with samples wee easily to the nitro- 
benzene treatment. 

The determination of the sulphur in the inorganic constituents is 
carried out by placing a small incineration dish of about 6 cm. diameter 
upon the water bath, charging it with about 10 c.c. of fuming nitric acid, 
and adding a weighed quantity of the residue K in small portions. It is 
advisable during this operation to keep the dish covered with a watch-glass 
to avoid loss through spirting. After the whole of the substance has been 
added, the watch-glass is thoroughly wiped with moistened filter-paper 
cuttings, which are then also added to the acid. The whole is then 
evaporated to a syrupy consistency, when about 2 grms. of pure sodium 
acetate are added, and the whole evaporated to dryness. The dry mass is 
cvurefully ignited over a Bunsen burner, the carbonaceous matter oxidised by 
cautiously adding potassium nitrate, preferably in the form of small crystals. 
The whole is then kept in quiet fusion for a short time, the dish allowed 
to cool, the melt dissolved in boiling water, filtered, and the filter thoroughly 
washed with hot water. The filtrate is then acidulated with ‘hydrochloric 
acid, heated to boiling, the sulphuric acid precipitated with a hot 
solution of barium chloride, and the weight of the barium sulphate obtained 
ascertained in the usual manner. The amount of sulphur thus found is, of 
course, in the first instance calculated upon the total mineral matter 
ascertained in the sample; its percentage, however, being calculated upon 
the whole of the rubber sample. 

We now determine the total sulphur in the sample by weighing out 
from 1°5 to 2 grms. of the original sample, and adding this quantity in 
small portions to about 15 ¢.c. of nitric acid (about 64 per cent. strong, 
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not ‘fuming’) contained in an incincerating dish of the already named 
description. The dish is placed on a water bath and covered with a watch 
glass, the whole operation being carried out exactly in the manner already 
described for the determination of the sulphur in the mineral matter. 


We now have determined the following forms of sulphur in the rubber 
- sample :— 

1. Free sulphur. 

2. Sulphur in pitch, tar, and bituminous bodies. 

. Sulphur in fatty substitutes, 

4, Sulphur in inorganic compounds, 

5. Total sulphur in sample. 


ies) 


It is therefore obvious that by adding the amounts of sulphur of the 
first four determinations, and deducting the sum from the total sulphur, 
the difference of the latter over the former must represent the sulphur in 
combination with the india rubber—in other words, the sulphur of vul- 
canisation. 

It might, however, be objected, and not unjustly, that considering the 
great importance of the sulphur of vulcanisation, its determination by 
calculation from possibly five separate determinations, the errors of which 
under unfavourable conditions would all accumulate in this final calcula- 
tion, would tend to render the result of doubtful value. [For this reason 
it is much more satisfactory to treat from 1 to 1:5 grms. of the original 
sample, according to its now ascertained components, with the above 
mentioned extraction solvents, so as to reproduce a residue K, the total 
sulphur of which is ascertained exactly as the total sulphur in the sample. 
By deducting from the figure thus obtained the sulphur contained in the 
mineral matter, we obtain at once the sulphur of vulcanisation. 

There remains now only the determination of the chlorine in the india 
rubber, which is carried out as follows. About 0°3 grm. of the rubber 
sample? are sealed up in a bomb tube with 5 c.c. of fuming nitric acid and 
1 grm. of silver nitrate. It is generally advisable to heat the tube for 
two days in the ‘bomb’ furnace, relieving it, of course, of its pressure by 
unsealing the capillary, and re-sealing it, as soon as the gases have escaped, 
prior to resuming the heating on the second day. When the cold tube is 
opened and cut, its contents are washed with hot water into a small glass 
beaker, and the precipitate filtered off. If the india rubber sample contains 
no mineral matter insoluble in nitric acid, the washed filter residue consists 
simply of silver chloride, the weight of which is ascertained in the usual 
manner. But in most cases other insoluble matter is present. In this 
case the filter residue is washed neutral and dried> It is then placed in a 
porcelain crucible, the filter burned, and its ash added to the precipitate. 


1 This to remove the free sulphur present, which may greatly retard the completion 
of the nitrobenzene treatment. 

2 If the sample contains chlorosulphide substitutes, extraction with alcoholic caustic 
potash must precede the above determination. 

® For particulars consult GATTERMANN, Practical Methods of Organic Chemistry. 
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The whole is then carefully mixed with from 6 to 10 times of its weight of 
sodium carbonate, and the mixture fused over a powerful Bunsen burner. The 
fused mass is dissolved in water, filtered, and the filter residue thoroughly 
washed. The latter is then washed off the filter into a porcelain dish, the 
filter washed with about 50 c.c. of hot 5 per cent. strong nitric acid, which 
is allowed to run from the filter into the basin. The contents of the latter 
are then heated for about ten minutes to near boiling point, the solution 
then filtered, and the filter residue carefully washed neutral. To the 
filtrate, the total volume of which should not exceed 100 c.c., hydrochloric 
acid is added in very slight excess, the precipitated silver chloride filtered 
off and treated in the usual manner for weighing. We obtain in this 
manner the amount of chlorine contained in the rubber of the sample. 

The whole of the analytical data obtainable, and the successive pro- 
cesses by which they are obtained, are embodied in the following table :— 


VI. SEPARATE 


I. EXTRACTION WITH ACETONE. ESQIMATIONS. 
A.—SOLUTION. B.— RESIDUE, Total sulphur. 
Chlorine in 
Resinous con-|IT. EXTRACTION WITH rubber, 
stituents of PYRIDINE. 
india rubber. 
Fatty oils. 
Mineral oils. | C.— EXTRACT. D.—RESIDUE. 
Resin oils. 
Solid hydro-| Tar, III. EXTRACTION WITH 
carbons. Pitch. ALCOHOLIC POTASH. 
Resins. Bituminous 
| Free sulphur. bodies. 
Sulphur in | —.—EXtTRAT. F.—RESIDUE. 
above. 
Chlorosulphide IV. EXTRACTION WITH 
substitutes. NITRO-N APHTHALENE, 
Sulphide sub- 
stitutes. 
Oxidised G.—EXTRAOT. H.—RusIDvE. 


(blown) oils. 

Sulphur in| India rubber. | V. EXTRACTION WITH 
substitutes. | Sulphur in| BoILING WATER. 
hlorine | in| india rubber. 
substitutes. | Chlorine in 


india rubber. .-Bx7rRact. | K.—RESIDUE. 
The total of 


above three) Starch Mineral matter. 

estimated by| (Farina). | Free carbon, 

OSS. Dextrine. fibrous 
materials. 


Sulphur in in- 
organic com- 
pounds. 


The number and nature of the analytical operations required for the 
complete analysis of an india rubber sample may appear alarming to many, 
but it may be at once pointed out that the number of individual deter- 
minations recorded in the above scheme are probably never required in the 
analysis of any one sample. Indeed, in many cases a complete analysis is 
not required at all, one or two of the above operations furnishing all the 
information required. It must therefore be decided from case to case 
which are the analytical data required to furnish any particular informa- 
tion asked for in respect of a certain sample. Not only is it, then, often 


256 INDIA RUBBER AND ITS ANALYSIS. 


possible to abbreviate the above course, but also to substitute more 
expeditious, if somewhat less accurate, working methods in the place of 
those we have been recommending. 

The most usual shortening of the above scheme is rendered possible in 
the analysis of samples, the mineral matter of which contains neither 
sulphides, nor sulphates, nor any other sulphur compounds, and the 
detailed composition of which is a matter of secondary importance. If, 
moreover, the rubber sample is of the ‘grey’ or ‘red’ variety, the 
analytical course may be further shortened, as none of these rubbers ever 
contain any substances of the group C. of our above scheme. The mode 
of procedure then assumes the following comparatively simple form :— 


: r SEPARATE 
I. EXTRACTION WITH ACETONE. Beane 
A.—EXTRACT. B.—REsIDUE. Mineral matter by 
ignition. 
Resinous constituents| III. ExrRACTION WITH ALCOHOLIC India rubber by 
of india rubber. PoTaAsd. difference. 
Fatty oils. 
Mineral oils, 
Resin oils. E.—ExtTRACT. ¥.—RESIDUE. 
Solid hydrocarbons. 
Resins. Chlorosulphide sub- | S in rubber. 
Free sulphur. stitutes. 
Sulphide substitutes. (Sulphur of Vul- 
Oxidised (blown) canisation. ) 
oils. . 
Suipiie -cuserit: Cl in rubber. 
stitutes. 
Chlorine in sub- 
stitutes. 


' 


It will be seen that, in working according to this scheme, the extraction 
with acetone and the treatment with alcoholic potash have remained, and 
extracts A. and E. are therefore identical with the corresponding extracts 
in the preceding table. Residue F. is, however, here used for the deter- 
mination of the ‘sulphur of vulcanisation’ and of the chlorine. 

The estimation of the sulphur in residue F. is, of course, carried out in~ 
exactly the same manner as the determination of the total sulphur. The 
chlorine in this residue is determined by Cantus’ method, as already 
described. A rather quicker, although not quite so accurate method con- 
sists in mixing the rubber intimately with a fusion mixture consisting of 
2 parts of sodium carbonate and 1 part of potassium nitrate, spreading this 
mixture evenly on the bottom of a platinum dish which has previously 
been covered with a thin layer of the same fusion mixture, and finally 
covering the rubber particles completely with the same. The mass in the 
dish is then very gently and gradually ignited. When the mass no longer 
gives off vapours, the heat is increased until the whole is in quiet fusion 


1 There is, of course, no necessity for a re-estimation of the respective extracts, 
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and all carbonaceous matter burned off. The fused mass, after cooling, is 
dissolved in water, filtered, the filter washed neutral, the filtrate acidulated 
with nitric acid, and the chlorine precipitated with silver nitrate. This 
operation should be performed in an ErRtenmeyer flask, and not in a dish 
or beaker, in order to avoid loss through the effervescence taking place on 
acidulating the solution. 

This same method has also been recommended for the determination 
of the total sulphur in the india rubber, but it is quite worthless for this 
purpose, the results obtained being much too low, often by over 50 per 
cent. of their actual value. The cause of this is obvious, and may easily be 
discovered by subjecting vulcanised india rubber to dry distillation, when 
it will be found that almost exactly one half of the sulphur present is 
given off in the shape of hydrogen sulphide, the rest in the form of organic 
sulphides. ‘The former, no doubt, is readily oxidised by the fusing 
nitrate, but the greater part of the latter most probably are volatilised 
before any action takes place. The chlorine of the india rubber, on the 
other hand, is very readily given off at comparatively low temperatures, 
and it is, moreover, evolved entirely as hydrochloric acid, which is rapidly 
and completely absorbed by the sodium carbonate present. 

In the above abbreviated scheme we determine the mineral matter by 
ignition, As is well known, this method is by no means accurate—indeed, 
if not very carefully carried out, it may be very faulty. From 1 to 2 
germs. of the india rubber are thinly spread out in a weighed porcelain 
dish of about 6 cm. diameter. The latter is then heated over a small 
flame, so regulated that the vapours evolved never burst into flame: should 
this occur, it is a sign that the flame of the burner is too high. If the 
evolution of vapours has ceased, the flame is moderately increased until 
all the carbonaceous matter is burned off. The results are almost 
invariably too high, owing to part of the organic sulphur being retained 
either as sulphide in the presence of zine oxide, or as sulphate in the 
presence of lime, magnesia, or litharge. The error thus incurred may 
amount to as much as 2 per cent., but the fact is that as far as the figures 
affected by it are concerned—mineral matter and india rubber—this fault is, 
in the majority of cases, of little, if any, practical account. 


(c) Nores on THE ANALYSIS OF Harp RusBer Goons (Eevonire). 


The analysis of hard india rubber goods suffers from even greater dis- 
advantages than that of soft goods, as the india rubber constituent, which, 
in the former, only dissolves with difficulty, is, in the latter, totally in- 
soluble. We have already incidentally alluded to the fact that the readiness 
with which a sample of soft rubber igs resolved in the nitrobenzene treat- 
ment depends very materially upon the degree of vulcanisation—ze., 
coefficient of vulcanisation—of the sample, and decreases as the latter in- 
creases. Long, before we reach products of a coefficient of vulcanisation 


as high as that of the typical hard rubbers, we arrive at products which 
Li 
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are irresolvable by any known solvent. This fact adds, of course, very 
considerably to the difficulty of the analysis of hard rubber goods. 
Some compensation arises, however, from the fact that hard rubber never 
contains any of the fatty substitutes. The organic non-rubber constituents 
of hard rubber consist entirely of resins and pitches. The inorganic con- 
stituents of hard rubber are much the same as those of soft rubber, but 
in smaller variety. 

The preparation of a sample for analysis is again a point of import- 
ance. The only satisfactory way consists in reducing the sample, or as 
large a part of it as possible, to a fairly fine powder by means of a file. 
This powder is passed through a sieve of from 80 to 100 mesh per 
square inch. What does not pass through the sieve is ground in a well- 
adjusted grinding mill until the whole of the filings have passed the 
sieve ; and after the fine powder thus obtained has been thoroughly mixed 
in a mortar, it may be taken to represent a fair average sample. 

In analysing hard rubber, an estimation of the following constituents is 
desired :— 

(a) India rubber. 
(b) Resins, or resinous matters. 


(c) Bituminous bodies, pitches. 


(d@) Mineral matter. 
Sulphur of vulcanisation. 


(e) Total sulphur, | Be sulphur. 
Sulphur in mineral matter. 
The analytical course to be followed may now be easily arrived at from 
the scheme given on page 255. It is as follows :— 


IV. SEPARATE 


I, EXTRACTION WIT : 
(6) H ACETONE ESTIMATIONS. 


Mineral matter. 


A.—EXTRACT. B.—REsIDUE. Sulphur in mineral 
matter, 
India rubber II. EXTRACTION WITH 
resins, — EPICHLORHYDRINE. 
Added resinous 
bodies. 
Free sulphur. | ©,—Exrract. D.—RESIDUE. 
All resins in- | III. ExtRacrTioNn WITH 
soluble in PYRIDINE. 
acetone. 
Sulphur in| 
above. E.—Exrract. | F.—REsIDUE. 


Bituminous bodies. | Sulphur in 
Pitches. residue. 
Sulphur in above. 


The extraction with acetone requires much more time in the case of 
hard rubber than with soft rubber goods—indeed, nothing less than a two 
days’ extraction will be found satisfactory. This appears to be due to 
the fact that hard rubber contains the free sulphur in a peculiarly in- 
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soluble form—probably in an amorphous variety which only gradually 
passes into solution. This seems to be the reason why the substitution 
of carbon bisulphide? for acetone in this process proves no more expedi- 
tious, as the solubility of amorphous sulphur very largely depends on the 
temperature, and would therefore take place much less rapidly at the 
boiling point of carbon bisulphide (46° C.) than at that of acetone (56° C.), 
although the latter is a much inferior solvent for sulphur than the former, 

The general conditions for carrying out the acetone extraction of hard 
rubber are exactly the same as that for soft rubber—that is, the powder of 
hard rubber, about 2 grms., is placed in an extraction thimble and treated 
for two days in the apparatus figured upon page 240 of this book. 

As a rule, the organic extract obtained in this manner is very small 
in quantity, consisting chiefly of sulphur, the exact amount of which is 
ascertained by oxidation with fuming nitric acid, and determination of the 
sulphuric acid in the usual way. 

If the amount of organic matter present, as ascertained by the differ- 
ence between the amount of the total extract and the amount of free 
sulphur, exceeds 4 per cent., it may be assumed that resinous bodies or 
resins other than those naturally occurring in india rubber are present. 
A great number of the resins are soluble in acetone, others partially 
soluble, but these solubilities may undergo considerable changes in the 
course of the action upon them of high temperatures in the presence 
of a large amount of sulphur. For this reason the examination of the 
extracted resins can only deal with their general features, and the identi- 
fication of any particular resin is always a matter of very great difficulty 
and uncertainty, especially as the chemistry of the resins is still in almost 
as chaotic a state as the chemistry of india rubber. 

While acetone dissolves a considerable number of resins aernlotely, 
it dissolves a number of them only partially, and others not at all, as will 
be seen from the following table, which contains those more generally used 
in india rubber goods, especially in the manufacture of hard rubber. 


. Epichlorhydrine or 

Name of Resin. Acetone. Dichlorhy drine. 
Acaroid Resin, . : ; F : ' soluble. soluble. 
Amber, . - : , : . : insoluble, rr 
Gum Benzoin, . F : P : ; soluble. . 
Colophony (Rosin), ; 2 . . ° + % 
Copal, : . . . . | partially soluble. 3 
Dammar, . : : . : . . i . 
Elemi, ? ° : < : . : soluble. 33 
Gum Mastic, . ; . : ‘ . | partially soluble. ‘3 
Sandarac, . : . . : : : soluble. partially soluble. 
Shellac, . F ° ; 2 . ‘ insoluble. soluble. 


1 Owing to the almost imperceptible swelling action of carbon bisulphide upon hard 
rubber, the employment of this solvent in the extraction in place of acetone would 
otherwise be wholly unobjectionable, 
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From this table it is evident that in a number of cases the acetone 
extraction fails to remove the whole, and in two rather important instances 
to remove even part, of the resins present. We require, therefore, a 
further treatment with a solvent capable of extracting those resins which 
are insoluble in acetone. 

Such a solvent: we possess in epichlorhydrine, !and therefore the acetone 
extraction is immediately followed by extraction with this solvent. For 
this purpose it is quite unnecessary to dry the extraction thimble after the 
acetone extraction. As soon as the flask containing the acetone extract 
is taken off, a similar weighed flask containing about 75 c.c. of epichlor- 
hydrine is connected with the extractor. Owing, however, to the higher 
boiling point of epichlorhydrine (117° C.), this flask must now be heated 
upon the sand bath, or upon an asbestos-coated piece of wire netting. 
Three hours’ extraction fully suffice to remove all the residual resins 
present. The flask is then removed, and the epichlorhydrine distilled off. 
To avoid overheating and decomposition of the resins extracted, the flask 
is heated in a paraffin bath, the temperature of which is kept at from 120 
to 122°C. Finally, the flask is dried for two hours at 110° C. after its 
outside has been carefully cleaned by wiping it first with filter paper, and 
then with filter paper moistened with benzene. 

This extract not infrequently contains sulphur in organic combination, 
the amount of which may readily be estimated in the same manner as the 
sulphur in extract C. (see page 244). 

In proceeding next to the extraction with pyridine, it is advisable 
first to dry the paper thimble and its contents, as pyridine and epichlor- 
hydrine interact with each other. The dry thimble is then replaced in 
the extractor, to which a weighed flask containing about 60 c.c. of pyridine 
(B.P. 109 to 111° C.) is fitted. It is heated upon a sand bath or in an oil 
bath, the temperature of which is kept at from 116 to 120°C. Extraction 
being complete, which is easily judged by the extraction thimble having 
resumed its normal colour, the flask is taken off and the pyridine distilled 
off in an oil bath at a temperature not exceeding 120° C. The flask is 
then carefully cleaned and dried until the smell of pyridine has completely — 
disappeared, when the weight of the extract may be ascertained. 

Also in this extract the sulphur should be determined whenever a fully 
detailed analysis is required. The determination of the sulphur is carried 
out in the manner described on page 244. 

In the residue from the extraction with pyridine we determine the 
sulphur present in the same manner as the ‘total sulphur in rubber’ is 
determined. The amount of sulphur thus found represents the sum of 
the sulphur of vulcanisation and of the sulphur in the mineral matter. 
In order to ascertain the sulphur of vulcanisation, we must therefore 
estimate the sulphur contained in the mineral matter in the form of sul- 
phides and sulphates. 


1 Dichlorhydrine is not so suitable on account of its high boiling point (177° C.). 
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To this end we first determine the mineral matter in the sample by 
incinerating a weighed quantity and making a complete analysis of the ash 
in respect of the bases present. All the lead found is calculated as 
litharge, the antimony as the pentasulphide, and the mercury as mercuric 
sulphide. Any zinc found may be present either as oxide or sulphide ; 
calcium may be present either as carbonate or sulphate!; barium is present 
either as carbonate, but much more frequently as sulphate ; magnesium 
is always present as oxide. Information upon this point is obtained by 
treating a sample of the ebonite powder with warm hydrochloric acid 
(1:3). Any hydrogen sulphide evolved will be due to the presence of 
zine sulphide, evolution of carbonic acid to calcium carbonate. If no 
barium passes into solution, this may be taken to prove that any present 
is in the form of barium sulphate. ; 

According to the results thus obtained, the quantities of sulphur corre- 
sponding to the amount of zine present, calculated as zinc sulphide, and of 
the amount of barium present, calculated as barium sulphide, together 
with any sulphur present in the form of antimony pentasulphide and 
mercuric sulphide, are deducted from the amount of sulphur determined 
in the residue F., and the difference taken as sulphur of vulcanisation. 
It is scarcely necessary to point out that in every case the respective per- 
centages must be calculated upon the whole of the sample from which the 
residue F. is derived. 

It could not be said that this method for the determination of the 
sulphur of vulcanisation in hard rubber is particularly accurate. Tangible 
errors must be caused if zinc or barium sbould be present in two forms at 
the same time. That this ever occurs in respect of barium is highly im- 
probable, but is perhaps not so very uncommon in respect to zine, as, for 
instance, the use of both zine oxide and lithopone (ZnS, BaSO,) in the 
same mixing has several points of practical import to recommend it. 

By way of a further, but by no means very accurate, control of the 
amount of mineral matter present, a sample of the hard rubber is incin- 
erated with the same precautions as are observed in the case of soft rubber. 
The loss of weight is, of course, organic matter, together with the whole of 
the sulphur not present in inorganic combination. In the interest of 
further control of the total of the sulphur determinations, a determination 
of the total sulphur in the original sample is also desirable. 

We have thus estimated :— 

1. Extract from acetone, 
2. Extract from epichlornydrine. 
3. Extract from pyridine. 
(a) Sulphur in 1. 
| (0) Sulphur in 2. 
4, Total sulphur, 4 (c) Sulphur in 3. 
| (4) Sulphur in residue from pyridine, 
(5) Sulphur in mineral matter. 
5, Mineral matter. 


rn feet sees ee ee 
1 Quite negligible amounts also, as hydroxide. 
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The difference between all these determinations, expressed in percent- 
ages from 100, represents the percentages of india rubber present in the 
sample. Like all indirect estimations, this is also open to a number of 
objections and errors. With normal samples these are hardly serious, but 
in exceptional cases they may become rather troublesome. ‘This simply 
amounts to saying that there are more limitations to our present power of 
analytical discrimination of the organic constituents of hard rubber goods 
than in the case of soft rubber goods. Imperfect as are these analytical 
methods at the present moment, they are, however, already a valuable aid 
in gaining an insight, otherwise unobtainable, into the rationale of many of 
the crudely empirical processes of the india rubber factory, and in throwing 
light upon an ever-increasing number of the many obscure phenomena 
observed, as well as on the behaviour, in practical work, of manufactured 
india rubber. Considering the years of work required to bring the analysis 
of many infinitely less refractory industrial products to a satisfactory con- 
clusion, the results at present obtainable in rubber analysis are highly 
eratifying, but it is neither a very suitable field for the half-educated chemist, 
nor for the chemist who merely wants ‘to do rubber,’ to engage in. 


(2) INTERPRETATION OF ANALYTICAL RESULTS. 


Once the analytical figures have been obtained, we have to interpret them. 
This may be a very simple operation, according to the question the analysis 
is intended to solve ; or it may be a task of extreme difficulty, one at any 
rate involving a thorough acquaintance with every known point of the 
chemistry of india rubber, as well as extensive practical experience in its 
manufacture. It is an utter impossibility to discuss exhaustively the in- 
terpretation to be placed upon every one of the available analytical data, 
or every combination of them, so as to embrace every possible case ; but 
there are, with regard to every one of these data, certain features of 
permanent significance, and these I now propose to discuss in the order 
in which they appear in the various consecutive operations of the analytical 
scheme above set out. 

1. Extraction with Acetone.—To the extraction with acetone I attach 
considerable importance. It gives us, at the very outset, a very fair idea, 
both from the point of view of its quantity and of its quality, of the general 
character of the sample under examination. 

A sample consisting only of india rubber and sulphur, or india rubber, 
sulphur, and mineral matter, always yields a very clean-looking extract, 
whatever kind of india rubber it contains. The extracts in this case are 
rather light in colour, and do not prevent the separation of the sulphur in 
well-formed crystals. By washing such extracts about five times in suc- 
cession, each time with 2 ¢.c. of acetone in the cold, and filtering the 
successive washings into a weighed flask through a very small filter, a very 
satisfactory separation of the organic extract, due to india rubber, from the 
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free sulphur present may be effected. In doubtful cases it is not quite 
easy to decide whether the sulphur is actually free from all organic 
impurities. A good test in this case is to add to the sulphur residue in 
the flask about 2 ¢.c. of carbon bisulphide, this preferably filtered through 
the filter which served for the acetone washings. The sulphur almost 
instantly dissolves, and the carbon bisulphide is now evaporated on the 
water bath, and the flask then for a few minutes dried in a water oven. In 
the absence of all organic matter the sulphur in the flask is thus obtained 
in the form of globular masses of liquid (colloidal) sulphur adhering to the 
sides. These globules often persist for days without crystallising. In the 
presence of mere traces, even of organic matter, these globules are not 
obtained, the sulphur at once forming somewhat indistinctly crystalline 
scales on the sides of the glass. 

The amount of organic extract obtained from rubber samples as above 
described depends, of course, entirely upon the brand of india rubber used 
in their manufacture, and for this reason the organic extract obtained from 
such samples enables us to draw a general conclusion of the class of rubber 
used for their manufacture, though not of the particular brand. This, even 
with the limitation stated, is always a valuable point in rubber analysis. 
Now, from the table given on page 3 of the first section of this book, it 
appears that the percentage of resinous extract yielded by the fine grades 
of Parad rubber is very regular indeed, amounting almost uniformly to 1°3 
per cent., but from this it must not be assumed that a sample of manu- 
factured Parad must, on analysis, yield no more than 1°3 per cent. of organic 
extract. It is a common property of all kinds of rubber to show a 
considerable increase of resinous matter after vulcanisation. But in order 
to recognise the relation of the resinous extract obtained to the amount of 
india rubber present, the percentage figures for these two constituents must 
always be calculated separately, so as to show the absolute percentage of 
resin contained in the india rubber of the sample alone. Thus, a sample? 
might have yielded the following figures on analysis :— 


India rubber, . : ’ ; : : 24°49 per cent. 
Organic extract, . ‘ ‘ ; ‘ ; PLOs= gs 
Free sulphur, é 4 ‘ : : : Ibs 
Sulphur of vulcanisation, ; , j ; Or S45 ey, 
Mineral matter, . Z . ° 5 i PaO. 55 


At first sight the amount of organic extract found might appear to be 
well within the limits of the figure to be expected for pure Para, but very 
little reflection will show that the percentage of organic extract is stated 
here in relation to the whole mixing instead of in relation to the amount of 
india rubber alone. For this reason it is advisable to append to the per- 
centage figures of every analysis a synoptical figure—organic extract in 
india rubber—stating the percentage of this constituent in the india 
rubber itself. In this way we obtain for the ‘organic extract in india 


. ple 
1 The sample was a roller covering manufactured from fine Para, 
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rubber’ the figure 4:29.! This curious increase of the ‘resinous’ matter 
of india rubber in the course of vulcanisation, which I have already remarked 
upon in an earlier paper,? not only occurs in Paré rubber, but in all brands 
of india rubber generally, and it amounts in all cases I have examined to 
an increase of from 3 to 5 per cent. The following table contains the 
figures of a few typical varieties of india rubber after vulcanisation with 
10 per cent. of sulphur :— 


Resin in Washed Resin in Vulcanised 

Brand of Rubber. Bibbes: Ribbons 
Para, fine, . : . . : . 1°2 per cent. 4°04 per cent. 
Ceara, : "i ; : 5 . re hs wae ah bine 
Upper Congo, . . ; . : a fatty, Leos 
Lagos, ; : : 5 “ aes (ube 
Sierra Leone, . , : “ : “ibs Rove. oo DO 2. ss 
Borneo,  . ‘ : 2 : : LOP3 17 hy 14°44 ,, 


This fact discounts to a considerable extent the value of the conclusions 
drawn in respect of the india rubber contained in an unknown sample 
upon the basis of the resinous extract obtained. On the other hand, 
however, on what is always the most important question in this relation 
—namely, whether any one sample has been manufactured from Para 
—the percentage of resinous extract obtained may always be used as a 
very safe guide. The highest percentage of extract I ever obtained 
from vulcanised Pardé never reached 4:5 per cent., and always exceeded 
3 per cent, 

Of course this increase in the resinous extract only occurs in warm 
vulcanised rubber ; cold vulcanised samples invariably show the normal 
percentages of resinous matter. The above mentioned increase is, as I 
have satisfied myself by special experiments, chiefly due to the heating of 
the rubber, and in a lesser degree to the action of the sulphur, probably 
upon the oxygenated bodies which are contained in the crude india rubber, 
and which are considerably larger in amount than the resins which can be 
extracted from it by means of acetone. 

India rubber goods which have undergone oxidation always show a 

1 It is obvious that this figure is not strictly accurate. The technically pure india 
rubber, from which the above article was manufactured, contains the resinous matter 
subsequently extracted as a natural constituent. The proper course would be, therefore,: 
to add the percentages of rubber and resin found, and calculate the percentage of resin 
observed upon this sum. But this would lead to considerable errors in the case of 
samples yielding large percentages of organic extract due in small part only to the rubber 
present, but chiefly derived from free oils, fatty substitutes, and the like contained in 
the sample. It is therefore all round preferable to calculate, as we have done above, the 
ratio between the percentage of actual rubber and the percentage of organic extract 
observed, The error thus introduced is smaller than the variations in the percentage of 
resin in crude india rubber. 


2 “On the Analysis of India Rubber Articles,” Journ. Soc. Chem. Ind., 1894, 
pp. 3650-3658. 
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more or less considerable increase of the resinous extract, and by the time 
a sample has suffered from oxidation to such a degree as to render it 
cléarly defective, it will show an amount of resinous matter very largely in 
excess of the normally occurring amounts. 

The presence of mineral oils is always clearly recognisable by the 
strong colour, and particularly by the characteristic fluorescence, they 
impart to the acetone solution. They are easily separated from the 
resinous constituents of the extract by means of absolute alcohol, in which 
they are quite insoluble. In fact, this is a very satisfactory method for 
their separation and estimation. 

Not infrequently the organic extract contains resin oils instead of 
mineral oils. Their presence generally betrays itself by the blue fluor- 
escence of the acetone solution. They may be more definitely identified 
by their very characteristic odour, and still better by Renarn’s reaction 
with anhydrous stannic chloride, with which they develop a very fine and 
intense purple coloration.! 

Mineral or resin oils are frequently added to india rubber mixings. 
They also form one of the constant constituents of recovered rubber. As 
soon, therefore, as the presence of any of these oils is observed, this point 
should be remembered, as, in conjunction with other criteria to be mentioned 
later, it often enables us to pronounce upon the presence of recovered 
rubber in a sample under examination. 

Free fatty oils in the extract occur just as often as mineral oils. Hither 
they have been added as such to the mixing—tallow being also occasionally 
used in this manner—or they are derived from fatty substitutes present 
which contain from 2 to 14 per cent. of soluble glycerides. Of course it 
is also possible that substitutes and free fatty oils are at the same time 
added to a rubber mixing. 

The insolubility of these oils renders their separation from the resinous 
extract a very simple matter. It is effected by repeated treatment with 
absolute alcohol, in which the fatty oils, with the exception of castor oil, 
are practically insoluble. 

If in these fatty oils the presence of mineral oils is suspected, they 
should be saponified with a few cubic centimetres of alcoholic caustic soda. 
This solution is evaporated to dryness, the residue taken up with boiling 
water, transferred to a small separating funnel, and extracted with ether. 
On evaporating the ether, any mineral oil present remains behind and 
may be further identified. 

If no fatty substitutes are present, any oils found in the extract must 
have been added to the rubber mixing either as such or in the form of 
recovered rubber, which very uniformly contains about 8 per cent. of them. 


1 ALLEN recommends in place of stannic chloride the use of stannic bromide, which 
is easily prepared by dehydrating bromine with sulphuric monohydrate in a small 
separating funnel, and allowing it to flow, drop by drop, upon tin shavings contained in a 
well-cooled flask. 
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If fatty oils alone are present, the inference is obvious: in the presence of 
fatty substitutes, at least part of them will be derived from these. If the 
amount of fatty oils present does not exceed 10 per cent. of the amount of 
fatty substitutes, the addition of free oils as such to the rubber is very 
improbable. 

It not infrequently happens that the, correctness of an analysis is 
challenged if mineral oils or fatty oils are reported as present. ‘This, of 
course, can only happen if the simple in question contains recovered 
rubber or fatty substitutes respectively, of the composition of which most 
rubber manufacturers are blissfully ignorant. It is therefore advisable, in 
preparing a report, always to point out that mineral oil, if any be present, 
may or may not have been added as such. Similarly, attention should always 
be called to the relation of fatty oils to fatty substitutes. 

For manufacturing purposes it is comparatively irrelevant whether any 
fatty oil found in a sample to be matched has been added as such, or 
whether it is derived from the fatty substitutes present, but it is, of course, 
necessary to ascertain the percentage of free fatty oil in the substitutes 
‘which are to be employed, and to make up the deficiency of free fatty oil, 
so as to bring it to the proportion of the free oil in the sample. If the 
total of free fatty oil in the substitute is, however, more than the corre- 
sponding proportion in the sample, it is obvious that a substitute 
containing less free oil should be employed. 

The same principle must also be observed in respect of the amount of 
resinous extract ascertained in the sample, and it is obvious that the 
amount of resin contained in the rubber to be employed must be taken into. 
consideration. 

Whether any mineral oil present has been added as such in the 
manufacture of the sample, or whether it is due to the presence of 
recovered rubber, is a question which at present cannot be decided by 
chemical means. Often the tensile strength test furnishes indications on 
this point. 

The presence of paraffin wax or ozokerite, of which some samples 
contain as much as 15 per cent., always betrays itself by the peculiar 
waxy character of the extract, and also by its comparative insolubility in 
cold acetone. Not infrequently these hydrocarbons are added to the 
mixing in the form of a preparation which is now in the market under the 
name of ‘ Nantusi,’ but which for a number of years has been employed by 
several firms with a great display of secrecy. It is a quack ‘medicine’ 
against suncracking, consisting of about 30 per cent. of sulphur and 
about 70 per cent. of a mixture of paraffin wax with a small quantity of 
bee’s-wax and tallow. If it is desired to determine quantitatively the 
amount of paraffin wax or ozokerite present, the extraction residue is 
warmed with about fifty times its weight of glacial acetic acid. All the 
resinous and fatty extract, together with mineral oils present, is dissolved. 
The paraflin wax, on cooling, separates out almost quantitatively, 1 part 
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of it requiring 1668 parts of acetic acid for solution.! The solution is 
filtered off through a small filter, flask and filter are washed with a little 
acetic acid, the filter placed upon the flask containing the paraffin wax, and 
any particles of the latter which are upon the filter washed back with about 
50 c.c. of warm carbon bisulphide. The latter is then distilled off, and the 
flask dried and weighed. 

Incidentally it may be of interest to remark upon the effect of paraffin 
wax in rubber mixings. It*lies, briefly, in the fact that india rubber and 
paraffin wax will not intermix homogeneously to form a sort of colloidal 
solution. Indeed, india rubber is quite insoluble in paraffin, and therefore 
does not absorb it as it absorbs a solvent. As the result of this, there is a 
distinct tendency in compounding india rubber and paraflin wax for the 
_ latter to be squeezed out of the mixing. This is, indeed, what happens if 

an excess of paraffin wax is used. What represents an excessive proportion 
depends, however, largely upon the other constituents and their proportions 
in the mixing. Now, under the influence of the heating of the mixing upon 
the rollers, the paraffin wax melts, and by capillary action fills the pores of 
the mixing, thereby greatly reducing the absorptive power of the manu- 
factured india rubber for water and oxygen. The effect of this is, 
of course, to correspondingly reduce the liability of such india rubber to 
oxidation in general, and to suncracking in particular, which, as I have 
already pointed out, is simply oxidation accelerated by the influence of the 
actinic rays of the sun. There is, however, this disadvantage, that this 
immunity against oxidation is obtained at the expense of tensile strength. 
This result, which any physicist might at once predict for a mixture 
of two bodies of the nature of paraffin wax and india rubber intermingled, 
is in some cases quite immaterial, although objectionable in the highest 
degree in others. In bicycle tyres, I have, in a large number of cases, 
observed a reduction of tensile strength amounting to more than 50 per 
cent. Under the most favourable conditions of manufacture, this may be 
reduced to about 30 per cent., which is still quite prohibitive in an article 
requiring to withstand so much wear and tear. 

II. Extraction with Pyridine.—Additions of tar—both coal tar and that 
obtained in the destructive distillation of wood (Stockholm tar)—and pitch 
are frequently made to rubber mixings. Their action consists in the 
facilitating of the mixing operation, and also in the reduction of the porosity 
of the manufactured india rubber. Asphaltum is also occasionally used for 
this purpose, but its advantage is not very apparent. 

The tar is often added in its crude commercial state, but more 
frequently the plan is adopted of thickening it by continued heating, 
generally with addition of resin, until it forms, when cold, a scarcely tacky, 
semi-elastic, but not brittle, mass. In using asphaltum, no such operation 
is required, as the asphaltum of commerce already forms a hard, very brittle 
body which can easily be powdered. According to H=nriquus, asphaltum 

1 PAWLEWSKI and FiLeEMonowicz, Ber., xxi. p. 2978. 
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is much used in large proportions in india rubber mixings; but as far 
as the author’s experience goes, it tends to show that, at any rate in soft 
rubber goods, its use is of the rarest occurrence. It may possibly find a 
somewhat more extensive employment in hard rubber goods, but its 
advantage in such mixings over many other organic ‘filling agents’ is by 
no means clear. 

It is in most cases impossible to decide whether crude or boiled tar has 
been added to a sample, but it is safe to assume, in the absence of contrary 
evidence, that in ‘spread’ goods the former, and in moulded, calendered, 
or ‘built up’ goods the latter, has been employed. 

Not infrequently coal tar contains a considerable amount of car- 
bonaceous matter which, of course, is not extracted by the pyridine. 
This carbonaceous matter is encountered in the subsequent estimations, 
and there is no possibility of distinguishing it from lamp black, which may, 
‘or may not, be present at the same time. Of this carbonaceous matter 
crude gas tar contains generally about 15 per cent., but as much as 35 
per cent. have been found occasionally. Boiled tar contains about 20 per 
cent. of it. Considering that the proportion of tar added to rubber mixing 
varies in the vast majority of cases from 0°5 to 1 per cent. of the total 
mixing, and only in quite exceptional cases amounts to 2 per cent., it is 
evident that the possible error due to this carbonaceous matter is so small 
that it is without any sensible influence upon our determinations. 

Incidentally it may be mentioned here that it is sometimes desirable, 
for manufacturing purposes, to know the amount of carbonaceous matter 
contained in either crude coal tar, or in the boiled tar, or in coal tar pitch, 
which is also occasionally used in rubber mixings. This can be ascertained 
by mixing 5 grms. of the tar with 15 grms. of aniline, or by boiling 5 
grms. of the boiled tar or pitch for a few minutes with 25 grms. of aniline, 
and pouring the solution in a small dish of unglazed porcelain. The 
solvent, together with the soluble constituents of the tar, is absorbed by 
the porous dish, while the carbonaceous matter remains behind as a 
coherent, laminated mass, which, by means of a horn spatula, can be trans- 
ferred without any loss to a weighed watch-glass, and after several hours’ 
drying in a water oven, weighed until constant. 

III. Extraction with Alcoholic Potash.—This extract contains what is 
at present the most important class of organic filling materials for rubber 
goods, and which comprises the triglycerides of a variety of unsaturated 
fatty acids transformed into fairly resilient and insoluble compounds, either 
by the addition of oxygen, of sulphur, or of sulphur monochloride. 

Of these three classes of fatty substitutes, the oxidised oils and the 
chlorosulphides (white substitute) may occur in either warm or cold cured 
goods; the sulphides (brown substitute) are found in hot cured goods 
only. Not infrequently mixtures of two of these substitutes are used, 

The identification of these substitutes in the extract depends upon the 
fatty acids obtainable from the saponification products still possessing the 
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essential chemical characteristics of the original substitutes. We therefore 
find that ; 

1, The fatty acids obtained from oaidised oils are either entirely free 
from sulphur or chlorine, or contain only very small quantities of these 
elements, the presence of which is due to the influence of the sulphur, or of 
the chloride of sulphur, upon the oxidised oil during the process of vul- 
canisation. In oxidised oil substitutes the percentages of chlorine or 
sulphur present, therefore, rarely exceed 0°5 per cent. 

2. The fatty acids from the class of substitutes which I described 
as sulphide substitutes (brown substitutes) contain essentially the same 
quantity of sulphur as the substitutes themselves—i.e., from about 4 
to 9 per cent.—but they are entirely free from chlorine, or, at least, 
practically so. 

3, The fatty acids of the chlorosulphide substitutes (white substitutes) 
still contain practically the whole of the sulphur of the original substitute, 
but the greatest part of the chlorine has been eliminated by the saponi- 
fication process, and can be determined in the saponification liquors by the 
usual means. 

It will be seen, therefore, that the identification of the oxidised oil 
substitutes and of the sulphide substitutes offers not the least difficulty if 
they are present by themselves only. Equally simple is the detection of 
chlorosulphide substitutes in cold cured articles, but their use in hot cured 
goods is apt to lead to not inconsiderable analytical complications. 

It has been shown (see page 146) that the chlorosulphide substitutes at 
vulcanising temperatures evolve a more or less considerable proportion of 
their chlorine in the form of hydrochloric acid.| Hrnriques? surmised, 
erroneously however, that the chlorine thus evolved is altogether lost. In 
fact, scarcely a trace of it disappears, it being almost completely taken up 
by the india rubber forming a polyprene hydrochloride, If such a sample 
should contain at the same time substances like zinc white or litharge, a 
small but distinct proportion is absorbed by these compounds. Anyhow, 
it will be observed that in cases like these only the sulphur of the 
substitute is found where we should expect it, the chlorine having 
migrated to the india rubber to such an extent that its presence is either 
not recognised at all, or misinterpreted as being due to the vulcanisation 
of the sample by the cold process. The consequence of this mistake is 
the misinterpretation of the chloride substitute as a sulphide substitute. 

It is therefore evident that for the purpose of distinguishing between a 
sulphide substitute and a chlorosulphide substitute, some information 
beyond that obtainable from the components of the extract derived from 

1 Chlorosulphide substitutes prepared from different oils show rather considerable 
variations respecting the proportion of their total chlorine given off by them at 
vulcanising temperatures. Thus, colza oil substitutes lose about 80 per cent.; cotton 
seed substitutes, about 94 per cent,; castor oil substitutes, practically the whole of their 


chlorine, 
2 Chem. Zeit., 1893, No. 40. 
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the treatment with alcoholic caustic potash is required. It will be seen 
that this information is yielded partly by the estimation of the sulphur and 
chlorine in the india rubber (section VI. of the analytical scheme on page 
255), partly also by purely technical considerations. 

In this relation it is clear that if there is no chlorine in the india 
rubber in a quantity about equal to the amount of sulphur in the saponi- 
fication extract, the substitute indicated by the latter cannot be a chloro- 
sulphide substitute, but must be a sulphide substitute. Of course it 
might be suggested that a rubber article containing a sulphide substitute 
might be vulcanised with chloride of sulphur, in which case, according to 
the above proposition, the substitute would be misinterpreted as a chloro- 
sulphide substitute. I have, however, already stated that sulphide 
substitutes are unsuitable for, and therefore never used in, mixings to be 
vulcanised by the cold process. As there is, however, no telling what 
might or might not be attempted in rubber mixings, attention should be 
drawn to the fact that cold cured rubber goods yield either no free sulphur 
at all, or only quite infinitesimal quantities of it, in the acetone extract. 
On the other hand, both sulphide substitutes and hot vulcanised india 
rubber goods contain substantial amounts of free sulphur, so that in such 
a doubtful case the amount of sulphur in the acetone extract would not 
fail to attract attention. 

- Of course where there is no chlorine to be found in the india rubber, 
the identification of the substitute from the indications furnished by the 
saponification extract is perfectly simple and obvious. In a very large 
number of cases the interpretation is at once simplified by the fact that 
the article under examination is of a thickness which would not admit of 
its vulcanisation by the cold process, which is applicable only to very thin 
rubber structures, such as waterproof cloth, tobacco pouches, toy baloons, 
and the like. Articles of greater thickness can only have been produced 
by the process of hot vulcanisation, and any chlorine they contain must 
be derived from chlorosulphide substitutes in them. 

The presence of a chlorosulphide substitute in a cold cured sample of 
india rubber is, of course, equally simple to detect. It is characterised by 
the fact that chlorine and sulphur (not including the sulphur in inorganic 
compounds) are present in approximately equal amounts, the total of 
which is, however, considerably in excess of the corresponding total 
which could be due to the chlorosulphide substitute alone. Nevertheless, 
it must be stated that this circumstance alone is not invariably sufficient 
to arrive at a certain conclusion, for the simple reason that the sum of the 
percentages of chlorine and sulphur in chlorosulphide substitutes may 
vary, according to the nature of the oil employed, from about 8 to 18 per 
cent., although the bulk of the chlorosulphide substitutes give figures 
varying within a narrow margin around an average of about 15 per cent. 
Conclusive evidence is, however, to be found in the fact that in a sample 
constituted as above, the ratio of chlorine to sulphur in both saponification 
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extract and in the residual india rubber is approximately the same as in 
sulphur monochloride—+.e., sulphur is present in about equal parts. 

If a sample contains mixtures of these various fatty substitutes, their 
identification becomes, of course, somewhat more difficult, and, indeed, in 
certain limiting cases practically impossible. 

The easiest to detect are mixtures of the chlorosulphide substitutes 
with either the oxidised oil substitutes or the sulphide substitutes. 
Mixtures of both these descriptions are frequently used in hot cured 
goods. 

The presence of oxidised oil substitutes, together with chlorosulphide 
substitutes, has, of course, simply the effect of making the ratio between 
the total fatty substitute present, inclusive of the chlorine in the india 
rubber, and the sum of the sulphur and chlorine in them, appear pro- 
portionately low. We obviously obtain the quantity in which each of 
these substitutes is present by calculating the amount of chlorosulphide 
substitute corresponding to the sum of the sulphur and chlorine in the 
substitute. In doing this, the sum of these constituents in a normal sub- 
_ stitute is taken to amount to 15 per cent., and by multiplying the sum of 
these constituents, as analytically ascertained, by the factor 6°6, we obtain 
the quantity of normal chlorosulphide present. The difference between 
this product and the total amount of substitute ascertained is assumed to 
be oxidised oil substitute. 

This might appear a very arbitrary proceeding, seeing that chloro- 
sulphide substitutes themselves may contain very much less than 15 per 
cent. of chlorine and sulphur collectively. But, in reality, this procedure is 
not so arbitrary as it looks. It is only the chlorosulphides of. the tri- 
glycerides, of oxy-acids, or of partially oxidised (blown) oils which contain 
less than 15 per cent. of sulphur and chlorine combined ; and although, 
from the point of view of ultimate chemical constitution, this calculation 
would perhaps not be permissible, | have in very numerous practical 
experiments never been able to discover the slightest difference between 
the effect in a rubber mixing of a certain weight of (supposed) homogene- 
ous chlorosulphide substitute containing only 9 per cent. of chlorine and 
sulphur combined, or an equal weight of a mixture of 60 parts of normal 
substitute (containing 15 per cent. of chlorine and sulphur combined) with 
40 parts of oxidised oil substitute. In fact, the above calculation may be 
taken in the sense of either of these two possibilities from the purely 
analytical, as well as from the technical, points of view. 

The very frequently occurring presence of a mixture of sulphide sub- 
stitute and chlorosulphide substitute in rubber samples is equally easy 
to establish. As the sulphide substitute also contains sulphur, it is evident 
that we must calculate the amount of chlorosulphide substitute present by 
calculating the amount of chlorosulphide substitute corresponding to the 
amount of chlorine present, taking in this case, of course, the normal 
chlorosulphide substitute as containing 7:5 per cent. of chlorine. The 
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difference between the amount of chlorosulphide substitute thus calculated 
and the total amount of substitute as estimated represents the amount of 
sulphide substitute present. 

India rubber articles containing mixtures of oxidised oil substitutes and 
sulphide substitutes are always hot vulcanised. The characteristic feature 
of the saponification extracts lies, in this case, in the abnormally low per- 
centage of sulphur in the fatty acids. But, in the chapter on india rubber 
substitutes, I have shown that the amount of sulphur in the sulphide 
substitutes (brown substitutes) is apt to display as great variations in the 
percentage of sulphur as do the chlorosulphide substitutes, in respect of 
the percentage of the sulphur monochloride they contain, and for the same 
reasons. Sulphide substitutes prepared from the unsaturated oils in their 
natural condition contain much more sulphur than those prepared from 
partially oxidised (blown) oils. If we take, therefore, the percentage of 
sulphur of a normal sulphide substitute as 15 per cent., and calculate 
upon this basis, and upon the basis of the amount of sulphur ascertained 
in the saponification extract, the amount of normal sulphide substitute 
present, the figure thus arrived at, deducted from the total saponifica- 
tion extract, gives us the amount of oxidised oil substitute present. 
In this case also such an interpretation may be chemically correct, 
although not so technically. In other words, in the manufacture of the 
sample, a sulphide substitute prepared from a partially oxidised oil may 
have been used, and not a mixture of a normal sulphide substitute and an 
oxidised oil substitute. On the point of fact this ambiguity is quite 
irrelevant, as the same technical effect is obtained in either case. 

Occasionally it may be desirable to characterise somewhat more 
definitely the nature of a substitute contained in manufactured india 
rubber. This is, however, only worth attempting in cases where the 
analysis has shown one only of these substitutes to be present. To identify 
the oils from which fatty substitutes have been prepared in mixtures of the 
free acids of the latter, our present methods of oil analysis are, however, 
quite inadequate. 

Where an examination in this direction appears desirable, the most 
satisfactory method consists in submitting the free fatty acids isolated from 
the saponification extract to Hts’s iodine absorption test. The pre- 
liminary operation is carried out as follows :— 

The saponification extract is evaporated to dryness, redissolved in 
water, the solution acidulated with dilute sulphuric acid, and extracted in 
a separating funnel with ether. The ether solution is dried by adding to 
it some granulated calcium chloride, and allowing it to stand for a few 
hours. It is then filtered through a dry filter, the ether evaporated, and 
the residue, consisting of the fatty acid of the substitute, then dried for a 
short time in a water oven until all smell of ether has completely dis- 
appeared. 


A part of this extract is weighed in a flask and subjected to the iodine 
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absorption test, for the details of which some standard work on oil analysis 
should be consulted! The figures thus obtained should be compared with 
the iodine absorption of the fatty acids of substitutes of known composition. 
A few such determinations are given in the table on page 147. 

Incidentally it may be remarked here that before saponifying a fatty 
substitute for the purposes of the above determination, it is absolutely 
essential to first submit the substitute to an extraction with acetone so as 
to remove free fatty oils and sulphur. Unless this is done, the iodine 
absorption standards are useless for comparison with the corresponding 
figures obtained with the free fatty acids extracted from manufactured 
india rubber by means of alcoholic potash. 

IV. Extraction with Nitro-naphthalene.—The extraction with nitro- 
naphthalene, or boiling nitrobenzene, results in the solution of the 
vulcanised india rubber in the solvent named. The process is not 
attended by the evolution of sensible quantities of hydrogen sulphide or 
hydrochloric acid. If the sample dissolves without leaving an appreciable 
amount of mineral residue, the mineral matter present cannot exceed 1 per 
cent., and this result should be confirmed by determining, on another 
quantity of the sample, the amount of ash obtained by incineration. As 
a matter of fact, seeing that this method of separating india rubber and 
mineral matter still suffers from various difficulties and drawbacks, it is 
advisable to check the result of this extraction in every case by an in- 
cineration test. Indeed, in all cases not calling for a detailed analysis of 
the mineral matter, the incineration method may be substituted for this 
extraction method. 

Of far more importance than the investigation of the mineral residue 
would be a method enabling us to differentiate between the various brands 
of india rubber which may be present in the nitrobenzene solution. At 
present we possess no such method. In the first part of this book I have 
shown that the chemical behaviour of the various kinds of india rubber, 
apart from the results of vulcanising process, yields not the slightest clue 
to indicate anything like a chemical difference between the hydrocarbons 
forming the chief constituent of the numerous brands of india rubber. 

Nor does this difficulty become less if we consider the question of 
differentiating between the proportions of new rubber, and recovered, or 
simply ground up waste rubber (rubber dust) in a given sample. But 
while the former problem, the identification of the brand or brands of 
india rubber in a manufactured sample, must at present be confined to 
attempting to decide as to whether the india rubber is Para rubber or not, 
the probability is that the second problem, the detection of recovered 
rubber in manufactured articles, will before very long become amenable to 
analytical treatment. What is particularly required for this purpose is a 
careful study of the relation of the coefficient of vulcanisation to the 
tensile strength of the various brands of india rubber, likewise the 

1 LewkowlItTscu’s Analysis of Oils, Fats, and Waxes, 2nd ed., 1895. 
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influence upon the same constant of admixtures of fatty and other 
substitutes, and of mineral matter. Heryzertine and Paunv’s tables’ are 
a first step in this direction, though not sufficiently methodical for the 
purpose. 

Particularly instructive is the determination of the tensile strength 
(breaking strain) in conjunction with the elongation or stretch of the 
sample under test at the moment the break occurs.? In this respect I 
have observed that while the addition of recovered rubber does not particu- 
larly affect the tensile strength, it reduces the corresponding elongation 
the more markedly, the higher the proportion of recovered rubber present. 

The appearance of the surface of the rupture is also often highly 
characteristic. The peculiarly smooth, often almost greasy-looking rupture 
of articles containing fresh rubber only, rapidly disappears and becomes 
characteristically rough as the admixture of recovered rubber increases. 
Admixture of ‘rubber dust’ is always easily recognisable by a micro- 
scopical examination of a freshly ruptured surface. A low magnification 
of about 30 diameters is quite sufficient. This is obtained with an 
objective of about 8 mm. (4 inch) focus. 

All the samples of recovered rubber I have examined contain oil of 
one kind or another, generally mineral oil or petroleum jelly, not un- 
commonly resin oil, comparatively rarely fatty oils, in quantities of from 8 
to 10 per cent. and more. But it is, of course, rarely possible to decide 
with certainty whether any such oil discovered in the course of analysis is 
due to the presence of recovered rubber. Considering, moreover, that an 
admixture of 10 per cent. of recovered rubber would in the analysis yield 
1 per cent. of mineral oil only, it is obvious that no definite conclusions can 
be based upon the presence of the above named oils in a sample. 

Already, in the chapter on rubber substitutes, the fact has been men- 
tioned that recovered rubber undergoes vulcanisation just like fresh 
rubber. In the same place I have pointed out that the description, often 
to be met with, of recovered rubber as ‘devulcanised’ rubber is a 
fraudulent misrepresentation, as the ‘recovery’ process leaves the sulphur 
of vulcanisation quite unaffected. It is therefore obvious that in many 
cases rubber goods manufactured with a large percentage of recovered 
material exhibit an abnormally high percentage of sulphur of vulcanisa- 
tion (coefficient of vulcanisation). This is, therefore, a fairly reliable in- 
dication of the presence of recovered rubber, provided the result of the 
tensile strength test does not indicate overvulcanisation. As a very large 
proportion of the commercial recovered rubber is manufactured from worn 
goloshes, the india rubber of which always possesses a high coefficient of 
vulcanisation, the result indicated above will frequently be observed; it 
fails, however, if the recovered rubber has been produced from rubber 
articles possessing a low coefficient of vulcanisation. 


1 See page 164 ff. 
2 The machine described on page 216 furnishes both these data in one test. 
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Cold vulcanised rubber waste is also submitted to various ‘recovery’ 
processes, and the products are again used in the manufacture of cold 
vulcanised goods. In this case, however, the detection of the admixture 
offers no difficulty. Cold vulcanised rubber in the recovery process loses 
practically the whole of its chlorine, and consequently in cold vulcanised 
rubber goods containing this kind of recovered rubber the normal ratio 
between sulphur and chlorine no longer exists, the sulphur considerably 
preponderating. Of course this result would be much the same if ordinary 
recovered rubber were used in cold cured rubber goods. 

V. Extraction with Boiling Water.— The extract obtained in this 
operation scarcely calls for any comment. I am not aware that either 
farina, or dextrine, which is only very rarely present, are more than mere 
filling materials in a rubber mixing, with nothing to recommend them for 
the purpose. 

VI. Mineral Matter.—This group comprises filling materials, inorganic 
substances acting as filling materials and at the same time as sulphur 
carriers, sulphur carriers proper, and colouring matters. 

The first of these three groups calls for no special remarks, and such 
points as refer to the influence of these filling materials upon the be- 
haviour of the manufactured goods under the various conditions of their 
practical uses will be better discussed in the next chapter. 

It may be taken that all the sulphides of the heavy metals—notably 
those of antimony, lead, and zinc—act as sulphur carriers. So do, to a 
lesser degree, all lead compounds, owing to their partial conversion into 
lead sulphide during the process of vulcanisation. Lead oxide (litharge) 
is, in particular, very largely used for this purpose. Red lead, the presence 
of which is not uncommon in ‘mechanical’ goods, acts, of course, similarly, 
and at the same time has a hardening action upon india rubber, probably 
in consequence of its oxidising power. Indeed, the rationale of its employ- 
ment seems to lie in this oxidising action, which, in articles produced from 
a ‘soft’ brand of india rubber, produces a firmness which can be obtained 
by vulcanisation alone, and with the better brands of india rubber only. 
The presence of red lead in the mineral matter may therefore be generally 
taken as an indication that the rubber used in the manufacture of the 
sample is almost to a certainty of somewhat low quality. 

Very remarkable, likewise, is the hardening action of barium oxide, 
calcium oxide, and magnesium oxide upon india rubber. The two first 
named substances are always employed in the state of hydrates, the latter 
in the form of the anhydrous oxide. The quantities used are always very 
small, rarely exceeding 0°5 per cent., although magnesia is sometimes used 
in somewhat larger proportions. 

_ The cause of the hardening action of these substances is very obscure. 
Baryta and lime might be assumed to form sulphides, and then act as 
sulphur carriers, but in mixing either barium or calcium sulphide with the 
india rubber, no such hardening effect is noticeable after vulcanisation, 
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and this would not, moreover, explain the analogous action of magnesia, 
which does not even form a stable sulphide. 

In the presence of calcium carbonate it is often rather difficult to detect 
such small quantities of caustic lime. In this case, either the residue from 
the nitro-naphthalene treatment, or a fresh part of the finely ground original 
sample, is boiled for a short time with a 10 per cent. solution of sugar. 
Any caustic lime present dissolves in this solution, from which it can be 
precipitated by the addition of a moderate quantity of a solution of 
ammonium carbonate. The precipitate, however, is never obtained in the 
cold solution, but forms only after boiling it for a short time, 

In coloured samples of rubber goods! it is often desirable to ascertain 
the nature of the colouring matter present. In ‘rubber enamelled’ goods 
the colours of the enamel (suspensions of pigments in thin rubber solutions) 
may be due either to mineral or lake pigments (aniline lakes), as these 
‘enamel’ coatings are either lightly vulcanised by the cold process, or else 
‘acidised.’2 The same is true in regard to coloured cold vulcanised articles 
of every description. In rubber goods which are coloured throughout 
their mass, and which have been vulcanised by the hot process, the colours 
can only be mineral pigments, as even the fastest of lake pigments are 
more or less seriously affected in the hot vulcanising process, although 
they stand. the cold process very well, almost without exception. 


(a) Examination of Colouring Materials in Hot Cured Goods. 


The colour imparted to rubber goods by antimony pentasulphide 
(golden sulphide) or vermilion, or by a mixture of the two, is well known, 
and the presence of either, or both, of these bodies can always be specially 
confirmed by making a test with a fresh part of the sample. 

Brown shades are most usually obtained with ferric oxide, which can- 
not escape detection in the analysis of the mineral residue. It must, how- 
ever, be borne in mind that these colours, as used, represent always 
partially hydrated products, and, moreover, very frequently contain 
considerable quantities of alumina, aluminium silicate, and similar bodies. 

Yellow shades are somewhat unusual, and are almost invariably 
produced with cadmium yellow. This should also be confirmed by special 
test. Very occasionally zinc yellow, a double salt of zinc chromate and 
potassium chromate, is used. Its presence is readily detected by fusing a 
small quantity of the rubber sample with an intimate mixture of 1 part 
of potassium nitrate and 2 parts of sodium carbonate. The fused mass 
is dissolved and filtered, when the presence of a chromate in the rubber 
sample is at once demonstrated by the characteristic yellow colour of the 
filtrate. Lead chromates cannot be used in hot cured goods, owing to the 
action of the free sulphur upon lead compounds. 

1 This has, of course, no reference to goods with surfaces decorated with paints or 


lacquers. 
2 See page 55, 
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Green shades are almost invariably produced with chromic oxide,1 
very rarely with zinc green, a mixture of zine yellow (see above) with 
Prussian blue. Which of these two is present may be decided by boiling 
a quantity of the finely ground sample with caustic soda, when, in the 
presence of zinc green, a strongly yellow solution is obtained. If this test 
yields a negative result, another part of the sample is fused with the 
above mentioned fusion mixture, the melt dissolved in water, and filtered. 
A bright yellow filtrate is proof of the green present being chromic oxide. 

Blue shades are produced with ultramarine only, the very fine cobalt 
blues being far too expensive. Any blue coloration of rubber may easily 
be recognised as due to ultramarine by the decoloration produced by 
moistening a piece of the original sample with dilute hydrochloric acid. 


(b) Examination of Colouring Materials in Cold Cured Goods. 


Cold cured goods may contain the same colouring agents as are 
employed in the coloration of hot cured goods, but in the former a number 
of mineral pigments may be employed which would not stand the hot 
vulcanising process satisfactorily. This refers particularly to zinc yellow, 
zinc green (mixtures of zinc yellow with Prussian blue), chrome yellow, 
and chrome green (mixtures of chrome yellow with Prussian blue), and 
Prussian blue. The detection of these pigments offers no difficulty what- 
ever, and follows on the lines already mentioned above. The presence of 
Prussian blue, whether by itself or in admixture with zinc chromate or 
lead chromate, is discovered by boiling the finely ground sample with 
dilute caustic soda, filtering, acidulating the filtrate with dilute sulphuric 
acid, and adding a few drops of a solution of ferric chloride. Formation 
of the well-known blue precipitate of potassium-ferri-ferrocyanide proves 
the presence of Prussian blue in the sample. 

It should be noted that in cold cured goods antimony pentasulphide, 
vermilion, and cadmium sulphide are rarely used. The obvious reason is 
that, as mere pigments, they are much more expensive than cheaper 
colouring matters which are available for use in cold cured goods in which 
there is no need for any sulphur carriers. 

Of recent years lake pigments prepared from coal tar dyes have been 
very extensively employed in the manufacture of cold cured rubber goods. 
These pigments, which contain the dye fixed upon some inorganic basis, 
such as alumina, barium sulphate, barium carbonate, or china clay, contain 
varying amounts of the dyes named from 1 to 30 per cent., and both acid 
and basic dye stuffs are employed in their manufacture. The presence of 
such lake pigments is readily discoverable by boiling the ground rubber 
sample in a test tube with 80 per cent. alcohol, and filtering. Any marked 


1 Or, rather, with GuiGNET’s green, a chromic sesquihydrate 2Cr,0;,8H,O. SHIPTON, 
in A. W. Horrman’s Report of the Juries, 1863, p. 75, gives its composition as 


3Cr,0,.B,0;.4H,0. 
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coloration of the filtrate indicates the presence of a lake pigment (aniline 
lake).1 Ifthe lake is one containing a basic dye, this alcohol extract is 
generally very strongly tinted, whereas lakes prepared from acid dyes give 
only a lightly coloured extract, the coloration being, nevertheless, always 
unmistakable. 

If it is desirable to obtain some more definite information on the nature 
of the pigment present, the above test should be repeated, and two separate 
quantities of the sample, the one being boiled with a 1 per cent. alcoholic 
(80 per cent. strong alcohol) solution of ammonia, the other with a 1 per 
cent. alcoholic solution of acetic acid. In the first of these solutions the 
acid dyes dissolve copiously from their lakes, whereas basic dyes yield 
only more or less discoloured solutions. In the second solution the basic 
dyes in pigment lakes dissolve very freely, the acid dyes very slightly only, 
if at all. 

By evaporating these solutions on a watch-glass on the water bath, the 
extracted dyes are obtained in a convenient form for further examination, 
with a view to the further identification of the coal tar dyes present. 
This is an operation, requiring, however, much experience of coal tar 
colours and of their chemical behaviour. 

The determination of carbon black (lamp black) or graphite (plumbago) 
in rubber mixings, whether hot or cold vulcanised, is a matter of consider- 
able difficulty. It is even more complicated when there should at the 
same time happen to be present one of those peculiar brown pigments 
known as vegetable brown (Van Dyke brown). That this latter pigment 
should ever occur together with graphite is most unlikely, although there 
is no telling what extraordinary combinations may here and there be used 
in rubber mixings; but the above named class of brown pigments are 
frequently used in combination with lamp black. But if, to crown all, 
fibrous organic materials should be added to this complication, the possi- 
bilities of chemical analysis are altogether at an end, and we have to fall 
back largely upon optical methods. The conclusions drawn from the 
latter require, above all, much experience gained more particularly in the 
microscopic investigation of the mineral residue derived from rubber 
samples specially produced with the constituents in question. 

Even where lamp black is the only carbonaceous pigment present, its 
detection is often a matter of no small difficulty, as in a large number of 
rubber goods not more than | per cent. of it is used. Of course in these 
cases the failure to detect it may be due to various causes connected with 
the separation of the india rubber from the mineral matter. Where larger 
quantities of carbon black are present, its detection offers no difficulty, pro- 


vided the degree of vulcanisation of the sample is such as to render it. 


reasonably amenable to the nitrobenzene treatment. 


1 Very commonly the presence of such lake pigments, especially of such prepared 
with the basic dyes, already shows itself in the very pronounced coloration of the 
acetone extract. ; 


ad re 
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In the majority of cases it will suffice to detect its presence, and to 
form by microscopic examination a rough idea of its quantity. As by 
this time the other mineral constituents are known, the less experienced 
worker is advised to prepare an intimate mixture of the mineral con- 
stituents present in their ascertained proportions, blend this mixture with 
varying proportions of lamp black, and compare these blends with the 
mineral residue under examination. Surprisingly accurate results are 
obtainable by this method, the error in careful working amounting 
generally to less than 0°5 per cent. This is, of course, largely due to the 
enormously fine distribution (covering power) of carbon black, and its 
very low specific gravity.1 

Attention must here be drawn to the fact that large quantities of car- 
bonaceous matter are sometimes observed in the mineral residue of samples 
which, in fact, do not contain a trace of carbon black (lamp black). To 
this peculiar point I drew attention some years ago, and showed that all 
rubber samples containing red lead, or highly vulcanised samples contain- 
ing iron oxide in larger quantities, are apt to show this phenomenon, which 
is due to the circumstance that at the high temperature of the nitrobenzene 
or nitro-naphthalene treatment, red lead oxidises, or, rather, carbonises, the 
india rubber. Ferric oxide does not act in this way in samples which are 
easily resolved in the nitrobenzene treatment, but in highly vulcanised 
samples requiring a more prolonged treatment the same action takes place, 
though in a less pronounced degree than in the presence of red lead. 

This matter is of such interest—it shows so clearly, on the one hand, 
the necessity for the extension of our knowledge of the chemical nature 
and behaviour of india rubber, and, on the other, the care and circum- 
spection required in the analysis of an india rubber article of unknown 
composition—as to warrant a discussion of one of the first cases in reference 
to the above named phenomenon. 

Two samples of the same make of steam packing, tpt not of the 
same batch, had to be analysed. The first sample (a) had undergone vis- 
cous decomposition, the second sample (b) represented the same article in 
a perfectly sound condition. ' The analysis of these two samples produced 
the following figures :— 


a b. 
India rubber, . : : 9°85 per cent. | 12°78 per cent. 
Organic extract, . A SEs. ih, Pe Pk 
Mineral matter, . EL jom ots 23th I oe ae 62: oi eases 
Carbonaceous matter, .]| 16°79 _,, T0538 pte 
Total sulphur, ; . sitet Sea 2:1 0m 


1 Henriques’ suggestion to determine carbon black in rubber goods by combustion, 
weighing the CO, obtained, is entirely unreliable, and quite worthless in the case of 
combinations such as those above named, 
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On the face of it, this analysis appears extremely dubitable, if not clearly 
impossible, for, looking at the normal sample (0), the compounding of 
12°73 parts of rubber with nearly 63 parts of mineral matter and 20 parts 
of lamp black is a practically impossible operation. Its accomplishment 
would, at least, require the addition of a substantial proportion of mineral 
oil or fatty oil, but of such the organic extract did not contain a trace. 
On the other hand, the organic extract in 6 would correspond to a rubber 
containing 18 per cent. of resin. Such a percentage only occurs in one or 
two of the lowest brands of india rubber, and the preliminary physical 
examination of the sample plainly indicated that a good medium grade 
rubber had been employed in its manufacture. Such a rubber would not 
contain above 6, or at most 7, per cent. of resin. This incongruity seemed 
strongly to point to something abnormal in the analysis of the sample. 

The analysis of the decomposed sample (a) showed a minimum of india 
rubber, a considerable maximum of organic extract obviously due to the 
decomposition of the india rubber, but also a minimum of carbonaceous 
matter to an amount much too considerable to be accepted as falling within 
the limits of probable experimental error. There is, moreover, a peculiar 
parallelism between the amounts of rubber and carbonaceous matter in the 
two analyses. 

All these facts seemed to point to an identical cause of error in both 
analyses, which only became intelligible on the assumption either that 
there was no carbon present, or that rubber had disappeared in one place 
to reappear in another as carbonaceous matter. This latter supposition 
seemed perfectly feasible in view of the circumstance that nitrobenzene at 
the temperature of its boiling point (210° C.) would exhibit a not incon- 
siderable tendency to oxidise so highly oxidisable a body as india rubber. But 
in this case reduction products of nitrobenzene, azobenzene, oxyazobenzene, 
possibly even aniline, would have to be traceable in the nitrobenzene solution. 
These were, however, entirely absent. There then seemed to remain only 
the assumption of the rubber sample itself, containing an oxidising agent 
which became active at the high temperature of boiling nitrobenzene. 
It appeared, therefore, desirable to reduce the boiling point of the 
nitrobenzene. This could be done by boiling under a partial vacuum, but 
a simpler way suggested itself in the employment of a mixture of nitro- 
benzene with about 5 per cent. of chloroform. Such a mixture shows on a 
reflux condenser a practically constant boiling point of about 173° C. 

With such a mixture the samples were re-examined, with the following 
result :— | 

a. b. 
Mineral Matter, . ° ° 63°33 per cent, 63°02 per cent. 
Not a trace of carbonaceous matter was now to be found. As it appeared 
likely that the detailed analysis of the mineral matter obtained in both 
these treatments respectively would furnish further information, it was 
carried out on both samples by subjecting them to the pure nitrobenzene 
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treatment, another part of the same samples to the corresponding treat- 
ment with the above mentioned mixture with nitrobenzene and chloroform. 
The result in all cases was the same as before; the nitrobenzene treatment 
yielded a mixture of mineral and carbonaceous matter, the nitrobenzene 
chloroform treatment yielded a residue of mineral matter only. The 
determination of the mineral constituents in these four residues gave the 


following results :— 


Treatment with Pure Nitrobenzene. 


| Carbonaceous Matter, : 


Mineral Matter, 


Total Mineral Matter, ; 


Treatment with a Mixture of Nitro- 


Sample a. 


17°22 per cent. 
BS 


40°27, 
PY oe aa 


3°15 per cent. 


Sample 6. 


19°93 per cent, 
PN Of Ma 


41882 on, 
1°00 sve; 


63°87 per cent. 


benzene and Chloroform. Sample a. Sample 6. 
Carbonaceous Matter, : . Trace. Nil. 
( CaCO, 21°02 per cent. 21°11 per cent. 
| Pho 3202 3156, 
Mineral Matter, . 4 PbO, y 9:97 id 10°05 ., 
PESO, \ tron 4 088, 


Total Mineral Matter, ° ° : 64°26 per cent. 63°60 per cent. 


At a glance it will be observed that there is a considerable percentage 
of lead peroxide in the mineral matter isolated by means of the nitro- 
benzene-chloroform treatment. There is no trace of this peroxide to be 
found in the mineral matter isolated by the nitrobenzene treatment, but 
we have here a large amount of carbonaceous matter. The causal con- 
nection between the carbonaceous matter observed in the first series, and 
the lead dioxide found in the second series, is obvious, and justifies the 
conclusion that this carbonaceous matter is a product of the oxidation of 
the india rubber by the lead dioxide. The two analyses quoted above, 
therefore, now assume this quite intelligible form :— 


India rubber, . 26°64 per cent. | 32°26 per cent. 
. . 


Organic extract, . . Sects 2°8 i; 
Mineral matter, . oh PO SEE CO: 5, 62°81 es, 
Total sulphur, . : i gte$ aeRO 2 TO war. 


Of course the lead peroxide found in these samples was not added to 
the mixings as such, but, as is customary, in the form of red lead. 
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Quite recently I have observed an effect very similar to the one above 
described in the analysis of highly vuleanised brake blocks heavily com- 
pounded with ferric oxide. The nitrobenzene treatment only resolved the 
sample very slowly, and the operation had to be greatly prolonged. At 
first the treatment took its normal course, a bright brick-red solution 
(suspension) forming. After about an hour’s treatment a change of colour 
was observed—first into brown, which rapidly darkened into a deep black. 
Finally, the mineral matter, together with a large quantity of carbonaceous 
matter, was obtained ; the colour of the original sample at once precluded 
the acceptance of this result as in accordance with the composition of the 
sample. 

These cases clearly show that the nitrobenzene treatment requires 
careful and critical examination, especially if its completion demands 
prolonged application. 

VII. Sulphur and Chlorine in India Rubber.—One of the most important 
points in rubber analysis is the determination of the combined sulphur, or 
of the combined sulphur and chlorine in the india rubber. The properties 
of manufactured india rubber, its suitability for various uses, are much 
more dependent upon a suitable vulcanisation than upon anything else—at 
any rate, a badly, insufficiently, or too highly vulcanised india rubber 
article always represents a bad article. Here, however, we touch at once 
the main difficulty of the vulcanisation problem, from the technical point 
of view: a degree of vulcanisation quite unsuitable for a certain article 
may represent the ideal vulcanisation condition of another article. Such a 
thing as a standard degree of vulcanisation applying to all kinds, or even 
to one range, of india rubber articles does not exist. Before long we shall 
probably be in a position to define the minimum degree of vulcanisation 
which should be aimed at, in order to obtain the most favourable physical 
constants for each brand of india rubber combined with the highest degree 
of chemical stability and inertia. But even these data will not reach their 
full importance for the purpose of the interpretation of analytical results, 
until we may be able to discriminate analytically between the different 
brands of india rubber. Not until then shall we be in a position to define» 
analytically the technical value of manufactured india rubber. 

DonatH! made an utterly premature attempt in this direction. He 
suggests that the value of an india rubber article depends upon the quantity 
of india rubber it contains, and its ratio to the sulphur of vulcanisation, or 
to the vulcanising metallic sulphides present. The larger this ratio, the 
larger he assumes the value of the article to be. Indeed, he finds it possible 
to express the value W of every india rubber article by the simple formula, 


Wisc Leb) 


in which S represents the sulphur present in the article, B the mineral and 
organic admixtures, This would render the work of analytical interpreta- 
1 Zeitschr. f. d. Chem. Ind., i. [1887], pp. 77, 110, 127. 
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tion delightfully simple, but, unfortunately, this formula is entirely 
worthless for the purpose for which it was devised. It is perfectly obvious 
that, according to this formula, the value of an india rubber mixing before 
and after vulcanisation would be exactly the same, and quite irrespective 
of the degree of vulcanisation. It is only necessary to state this, to 
demonstrate the absurdity of the formula. 

The commercial value of manufactured india rubber is simply the sum 
of the values of its constituents increased by the amount of the factory 
charges—labour, power, capital charges, rates, depreciation, and adminis- 
tration expenses. The technical value of manufactured india rubber may 
considerably exceed the commercial value according to the utility or 
serviceability of the articles concerned. 

Of all the constituents of manufactured india rubber, none possesses 
such a paramount influence upon the general excellence of the product as 
the sulphur of vulcanisation. .We may be absolutely compelled, by the 
exigencies of practical requirements or appearance, to use filling or 
colouring materials—+.e., to reduce the commercial value of certain articles— 
but their technical value remains thereby largely unaffected, provided the 
degree of vulcanisation produced in them is such as to give them the 
maximum utility or serviceability for which they are in demand. 

The percentage of sulphur combined with the india rubber is, however, 
no measure of its degree of vulcanisation. The following instance of the 
analysis of the outer cover of a tire will make this clear :— 


India rubber, . . : ; ; . 54°70 per cent. 
Organic extract, . é ; ‘ , Ree) eo Saaeae 
Sulphur of vulcanisation, . § : Bc el a 
Free sulphur, . ‘ ; ; 4 eh OO 4 Cees 
Total mineral matter, . : : : RATIOS 8: 5, 


——— 


99°99 per cent, 


Organic extract in rubber, . j . Re Ae 
Total sulphur in rubber, . : : Recert ta >) ) Seen 
Coefficient of vulcanisation, 7 : Sirk GOON e ot, 


Here the sulphur of vulcanisation amounting to 1°99 per cent. gives 
us no direct idea of the degree of vulcanisation of the india rubber. This 
_ we only obtain by calculating the percentage ratio between the amount of 
india rubber (54°70) and sulphur of vulcanisation (1°99) present, and we 
obtain in this manner the degree or coefficient of vulcanisation (3°63 per 
cent.). To obtain a comprehensive view of the distribution of the whole 
of the sulphur in regard to the rubber, I find it of much value to calculate 
similarly the percentage ratio between rubber and total sulphur (sulphur 
of vulcanisation + free sulphur) present. By further applying the same 
treatment to the organic extract, we obtain anotber very important ratio— 
organic extract in rubber—which, in the case of the above sample, enables 
us to draw the conclusion that the india rubber present is pure Para, as 
no other rubber would yield such a low percentage of organic extract. 
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In samples containing no mineral matter, or in samples the mineral 
matter of which is free from sulphur, the sulphur of vulcanisation can be 
estimated directly. If the mineral matter contains sulphur, the indirect 
estimation described on page 254 has to be resorted to. 

In the absence of positive vulcanisation standards, the following con- 
siderations must guide us in judging the coefficient of vulcanisation :—As 
has been pointed out in the first section of this book, with increase of 
the coefficient of vulcanisation come increase tensile strength, elasticity, 
and distensibility. This, however, is only true up to a certain point, 
beyond which there is, first, a rather rapid decrease in elasticity and 
distensibility, followed soon by a decrease of tensile strength. The follow- 
ing diagram referring to four tire covers of absolutely identical composi- 
tion as regards the quality and proportions of Para rubber, total sulphur, and 
mineral matter, but cured under different conditions, renders this evident. 


Anches Elongation 
6 


0 10 20 30 40 50 60 70 80lbs 
Fie. 26.—Diagram : Tensile strength of differently vulcanised specimens of india rubbers 


The vulcanisation coefficients of these four samples are as follows :— 


Sample IL, . : : - 1°78 per cent, 


SOREN fi; co) oy «7 nega eee 
Caley 0) o> | aoe 
oe) Tye; ° . ° aa: 


Of these, I. and II. are obviously undervulcanised, though II. but 
slightly; III. is very satisfactorily vulcanised; IV. clearly overvulcanised. 
It will be seen in every case that the higher the coefficient of vulcanisa- 
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tion, the higher also the tensile strength for the same distension. This is 
still true of the overvulcanised sample IV., which, however, already breaks 
at a distension of 1°25 inches, whereas the two undervulcanised samples, 
more particularly I., show an inordinate amount of distension under very 
low stresses. These diagrams may be considered as quite typical for 
articles known or alleged to be manufactured from Parad rubber, but, of 
course, other brands of rubber would show different results, although with 
every brand of rubber the curves of over- or under-vulcanisation would 
show analogous differences from the curve of correct vulcanisation. Much 
work remains to be done in this direction. 

Overvulcanisation must, however, be clearly distinguished from a high 
degree, or high coefficient, of vulcanisation, which, of course, is in many 
articles quite a necessity. Overvulcanisation, in accordance with the 
results I arrived at regarding the nature of vulcanisation in the first part 
of this book, does not consist simply in a high coefficient of vulcanisation, 
but in one obtained under unsuitable conditions, either of temperature, or 
of time, or of quantity of sulphur. Overvulcanisation may therefore be due 
to too high a temperature, too long a time, or an unsuitable proportion of 
sulphur. Of these causes, the one first named is by far the most common, 
while too short a time is the most usual cause of undervulcanisation. 

A high degree of vulcanisation combined with low tensile strength, but 
fair distensibility, is an almost certain indication that the rubber has been 
‘overworked’ upon the rollers. If, at the same time, the distensibility is 
low, it is, as far as my experience goes, invariably due to the presence of 
larger proportions of recovered rubber. 

It is evident from the above that undervulcanisation is much more 
clearly defined than overvulcanisation. This is rather important, as under- 
vulcanised articles are much more prone to ‘decomposition’ than over- 
vulcanised ones. Indeed, I have never yet seen a case of ‘decomposition’ 
due with certainty to overvulcanisation. 

Both these faults are much accentuated in goods containing large 
amounts of mineral matter. The latter always greatly increases the 
porosity of rubber goods, and therefore also their liability to decay. 

Undervulcanised goods containing large proportions of fatty substi- 
tutes very rapidly undergo decomposition ; overvulcanised goods under the 
same circumstances suffer very much less. 

If there is chlorine in the india rubber, its presence may be due either 
to the india rubber having been cold vulcanised with chloride of sulphur, 
or to the mixing containing fatty chlorosulphide substitutes. In the case 
of articles the thickness of which exceeds a few millimetres, cold vulcanisa- 
tion is out of the question; but under all circumstances the satisfactory 
interpretation of the significance of the presence of chlorine in the india 
rubber is possible on the following considerations. 

In articles free from fatty substitutes, the presence of chlorine in the 
india rubber is a certain proof of the vulcanisation having been effected 
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by the cold process. ‘Rubber enamelled’ goods should, however, never be 
analysed in this connection simultaneously with their enamel coating, but 
the latter should be carefully pared off. The reason for this is that 
rubber goods (enemas, etc.), the body of which has been hot vulcanised, 
often receive a ‘rubber enamel’ surface coating, generally coloured, which 
is then cured by the ordinary cold process, or by the ‘acidising’ process 
(hypochlorous acid), For this reason an article should not be pronounced 
as ‘cold cured’ unless the ‘sulphur of vulcanisation’ present approximates 
very closely in amount to the ‘chlorine of vulcanisation.’ 

In articles containing fatty substitutes, the correct interpretation of 
the analytical results obtained is not so simple. The presence in the 
rubber of sulphur and chlorine in approximately equimolecular proportions 
is conclusive evidence of cold vulcanisation only if the alcoholic extract is 
free from chlorine, or, in other words, if there are no chlorosulphide sub- 
stitutes present, as it is quite conceivable that in the presence of the latter 
the amount of hydrochloric acid evolved during hot vulcanisation, and 
absorbed by the india rubber, might coincidentally be equivalent to the 
coefficient of vulcanisation of the rubber. This point must not be lost 
sight of when pronouncing a specimen of rubber as cold vulcanised. The 
mere fact that it contains chlorine is no proof to that effect, and the over- 
looking of this point has often led to gross mistakes being made. 

Indeed, the only satisfactory criterion which enables us always to 
-decide with certainty upon the question under discussion is that obtained 
from the amount of free sulphur as ascertained in the ‘acetone extract.’ In 
cold vulcanised goods free sulphur is rarely absent, but its quantity is 
always very small, rarely exceeding 1 per cent. On the other hand, hot 
vulcanised goods containing chlorosulphide substitutes always contain 
more or less considerable quantities of free sulphur, for reasons connected 
with the composition of the mixings required to ensure a thorough vul- 
canisation. If, therefore, there is any doubt respecting the vulcanisation 
of a given sample of manufactured rubber, the amount of free sulphur 
ascertained in the sample readily supplies the required answer. 

The following typical analyses will make this clear :— 


Tobacco Pouch. Garden Hose. 

India rubber, ; : : , 50°22 per cent. 31°29 per cent. 
Organic extract, . : : : ASRS esa hes SS 
Fatty substitute, . Pe : ; OF elite 28 ORs tes 
Mineral matter, . ; , j BAS ors 26°28 3 
Free sulphur, : : * ; Oe 27 atue. 188 Altes 
Sulphur of vulcanisation, . : QT 2. 271 b= oes 
Chlorine in rubber, . ‘ ; 2:50 ane 220 se 

Free sulphur in rubber, : : 0°53 per cent. 5°84 per cent. 
Coefficient of vulcanisation, . : 54 vez CEO 
. chlorination, . : 497, 55 (203 Fc. 


—— 


Se ae Ee ee A ie 
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The analytical data! above quoted at first sight appear to refer, if not 
to two similar qualities of rubber goods, at any rate to two similar types, 
and the inexperienced analyst might well feel tempted to interpret both of 
them as cold vulcanised articles. ven the coefficients of vulcanisation 
and chlorination taken conjointly would appear to be well in keeping with 
this interpretation. But the ‘free sulphur in india rubber,’ while support- 
ing this assumption entirely in the case of the tobacco pouch, renders it clearly 
untenable in the case of the garden hose. Such an amount of free 
sulphur can be present only if sulphur, as such, has been added to the 
mixing for the purpose of hot vulcanising. The garden hose must there- 
fore be pronounced a hot vulcanised article, and from the presence of 
chlorine in the india rubber, it follows that the fatty substitute is a chloro- 
sulphide substitute. This conclusion, it may be remarked, in the above 
case was fully confirmed by the detailed analysis of the ‘saponification 
extract.’ ; 

There remains to be mentioned the not very common case of rather 
small quantities of chlorine, rarely exceeding 1°5 per cent., occurring in 
samples which either contain no substitutes at all, or no chlorosulphide 
substitutes, while, at the same time, the combined sulphur in the rubber 
greatly exceeds the amount of chlorine present. The interpretation of 
this observation is that the vulcanisation of such a sample is essentially a 
hot vulcanisation, but that, for reasons connected with the technical 
conditions of the vulcanising process, the articles have been subjected to 
a ‘surface hardening’ produced by ‘semi-curing’ them—2z.e., treating them 
with a weak solution of sulphur monochloride, The surfaces thus 
hardened are in this manner protected against mechanical injury. 

Of course in hot vulcanised goods containing chlorosulphide substitutes 
this treatment could not be discovered. This inability is, however, of 
little moment, as the treatment in question is merely a technical artifice, 
and has no perceptible influence upon the physical constants of the articles 
in question. . 


UnusuaL ConstTITuENTS oF RuspsBer Goons. 


An exhaustive description of all the substances which are, or have 
occasionally been, introduced into rubber mixings is almost an impossibility. 
There is no substance which lends itself so readily to admixture with the 
most heterogeneous substances imaginable, and this quality leads occasion- 
ally to absurdities in this respect which surpass similar abuses in any other 
technical material known. 

In a steam packing which enjoys a not inconsiderable popularity, I found 
considerable quantities of brass filings and coke powder. A specially 
‘cheap’ bicycle tire contained, besides a very generous allowance of fatty 


1 I have purposely omitted the analytical composition of the fatty substitutes, so as 
to render more clear the point at issue. 
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substitute, 10 per cent. of cork dust. Quite a number of supposed high 
class tires on the market at present contain from 10 to 15 per cent. of 
paraffin wax. This, it is alleged, will prevent ‘suncracking,’ but however 
that may be, it certainly produces a poor tire. A ‘metallic’ rubber 
packing contained 35 per cent. of metallic zinc (zinc dust). In various 
other goods I have detected caseine, caseine lime, cork dust, large quanti- 
ties of tannic acid, glass powder, alum, cholesterine (wool grease), bone 
ash, mica, and orpiment. The last named substance, arsenic trisulphide, 
was found to the amount of 6°5 per cent. in a specimen of waterproof 
cloth for ladies’ wear. It is impossible to assume that any manufacturer 
would knowingly employ such a substance, and I surmise that he was in- 
duced to buy it under the guise of some innocently sounding name. 
Indeed, within my knowledge this substance has been, and is still, offered 
under the very inoffensive description of ‘ yellow antimony.’ 

(ec) Defects in India Rubber Goods.—The most usual defects occurring 
in manufactured india rubber may be arranged under the following 
heads :— 


. Defects in the rubber mixings. 

. Defects due to faulty vulcanisation. 

. Defects due to faults of the constructive materials. 
. Defects arising in ase. 

. Defects in appearance. 


e aa SR 


a. Defects in the Rubber Mixings.—A rubber mixing must be con- 
sidered as defective or faulty if either its composition or its physical con- 
dition are such as to preclude its vulcanisation into a physically and 
chemically sound article. Most commonly this defect arises from the mix- 
ing having, as a mechanical operation, been carried out negligently. It is, 
of course, often extremely difficult to produce a homogeneous mixture of 
india rubber with pulverulent admixtures. In many cases this could only 
be done by working the mixture between the rollers for such an inordinate 
length of time as to produce in the india rubber the often fatal phenomenon 
of fatigue (see page 93) generally described in the trade as ‘killing the 
rubber.’ But if we find in different parts of a sample of manufactured 
rubber a considerable variation in the several mineral, or, more generally | 
speaking, non-rubber, constituents, it is obvious that the mixing in respect 
of these non-rubber admixtures has been imperfectly carried out. For 
this defect there is no excuse, and, at the same time, it will be readily under- 
stood it is highly detrimental to the production of a sound article. Very 
often this defect is the cause of premature decay in rubber goods, and the 
fact that it is so very common tends to show how little its significance and 
consequences are realised. 

The evils arising from a too prolonged working of a rubber mixing, 
alluded to above as fatigue, although their true nature has up to now 
been entirely misunderstood, are well known to every experienced rubber 
worker, and consequently this defect, at least in a pronounced form, is 
comparatively rarely met with. From what has been said in reference to 
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this subject on page 94, it will be readily understood that this defect is 
characterised by well-marked physical signs of undervulcanisation in the 
presence of a percentage of combined sulphur in the india rubber suggest- 
ing a thorough degree of vulcanisation. Manufactured india rubber 
showing these characteristics is extremely prone to premature decay. 

Not very common is the fault arising from the use of slightly damp 
powders in india rubber mixings. Under the influence of the heat and 
vressure of the rollers, they form minute hard flakes, which remain 

embedded in this state in the india rubber. In articles in which a perfect 
surface is required, these flakes are, of course, highly objectionable, even 
more so in sheets or strips for rubber insulated cables, in which case they 
very generally result in ‘weak spots,’ often in short circuits. 

b. Defects due to Faulty Vulcanisation.—As the result of the vulcanisa- 
tion process is determined by the proportions of sulphur and rubber used, 
the temperature employed, and the time allowed, but further also by the 
physical condition of the india rubber, it is evident that with such a 
number of co-determinants, the number of possible defects must be very 
large—the more so, as very few brands of india rubber behave similarly, or 
yield similar results, even when treated under equal vulcanising conditions. 
It is therefore not surprising to find that probably more than one half of 
all the defects observed in india rubber goods arise from some defect in 
its vulcanisation. A very large number of these defects may, moreover, 
be described as either over- or under-vulcanisation, and be identified, on 
the one hand, by the vulcanisation coefficient ; on the other hand, by the 
tensile strength and elongation tests (see diagrams, fig. 284). To exactly 
describe the more particular cause of either of the two above named 
defects is often very difficult, but in many cases a careful study of the 
coefficient of vulcanisation, the total sulphur in rubber, and of the 
mechanical tests (tensile strength and elongation) will give valuable 
indications. In this respect it must be remembered that overvulcanisation 
in the presence of a large amount of total sulphur is due either to too 
high a temperature or to too long a time, but in the presence of a 
moderate or small amount of total sulphur, the fault almost invariably 
lies in the employment of too long a time. Undervulcanisation in the 
presence of a large amount of sulphur is due either to too low a tempera- 
ture or to too short a time; in the presence of a moderate or small amount 
of total sulphur, either this amount of sulphur itself is too small, or the 
two before named causes concur. Somewhat similar in its effect to over- 
vulcanisation is the very curious defect arising from vulcanisation at too 
high a temperature or too long a time, in the presence of too little 
sulphur. We obtain, then, the peculiar result of a ‘rotten’ vulcanisation 
product possessing all the characteristics of overvulcanisation, but differing 
from it by a low coefficient of vulcanisation. On the other hand, under- 
vulcanisation is often suggested by the physical constants of samples, 


which, on analysis, are found to be fully vulcanised with a full allowance of 
19 
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total sulphur, This is very frequently an indication of the phenomenon 
of ‘fatigue,’ but by no means always.! The physical effect due to the 
same vulcanisation coefficient is apt to vary considerably in different brands 
of india rubber, and a percentage of combined sulphur which in Para 
would represent a very full degree of vulcanisation, would leave Beni 
River or Manao rubber rather undervulcanised. 

Turning to the defects arising from faults or faulty conditions in the 
cold process of vulcanisation, we find that the diagnosis of over- or under- 
vulcanisation is very much simpler in some respects, but complicated by 
the fact that some brands of india rubber form very unstable vulcanisa- 
tion products when vulcanised with sulphur monochloride ; and further, 
that sulphur monochloride being a very reactive body, is apt to cause 
secondary reactions, and act in various ways not intended in its employ- 
ment, . 

Cold cured goods—waterproof fabrics, tobacco pouches, gas tubing, 
and similar articles—are in less need of tensile strength than of softness, 
pliability, and chemical stability. The behaviour of cold cured goods 
exposed to the heat of a water oven for from 8 to 10 hours furnished much 
information on this point. In the case of undervulcanisation, the articles 
become more or less rapidly very limp, and occasionally almost plastic 
under the influence of the heat. Moistening them with benzene, and 
continuing the heating for a few minutes, renders them distinctly sticky. 
In this test overvulcanisation results in the article becoming either 
very stiff, sometimes almost brittle, or else very tender and lifeless. The 
latter is generally observed in the case of goods manufactured from india 
rubber unsuited for cold vulcanisation. 

If effective precautions are not taken to prevent the formation of dew 
upon the articles during the process of cold vulcanisation, part of the 
sulphur monochloride is decomposed before it is able to combine with the 
india rubber.2 The hydrochloric acid thus liberated is at the root of many 
of the defects in cold cured goods. If these contain zine oxide or ferric 
oxide, any hydrochloric acid produced may lead to the formation of zinc 


chloride or ferric chloride respectively, both of which are absolutely fatal. 


to cold cured goods. 

But even if no formation of dew and consequent decomposition of 
sulphur monochloride takes place, the interaction of the latter with 
certain other substances which may form part of the mixing will often 
produce disastrous results, In this respect copper and manganese 
compounds and red lead must be mentioned. The first two occur not 
infrequently as impurities in certain pigments and compounding materials 


+ This phenomenon can easily be studied by exposing a rubber article containing a 
moderate amount of total sulphur for one or two days to a temperature of about 90° C. 
in a water oven. The outer covers of bicycle tires, stripped of their fabrics, are very 
suitable for this experiment, 

* The formation of this dew is caused by the considerable fall of temperature produced 
by the rapid evaporation of the carbon bisulphide. 
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used in rubber: mixings, while red lead is often deliberately added, under 
the assumption, no doubt, that what is, under certain circumstances, a 
useful constituent in a mixing for hot vulcanisation, must also act 
beneficially in the cold process of vulcanising. 

c. Defects due to Faults of the Constructive Materials.—The only kinds 
of constructive materials to be considered are the various textile materials 
used either for the strengthening of rubber structures or for the pro- 
duction of waterproof fabrics. 

In undyed textile materials the only defect likely to occur is loss of 
strength during the vulcanising process. This in hot cured goods is un- 
avoidable, especially if the fabrics are cotton fabrics. The tendering in 
this case is, of course, due to the action of the vulcanising heat (say 130° C.) 
for a more or less considerable time upon the cotton, which at tempera- 
tures above 80° C. becomes increasingly sensitive to heat. If the loss in 
tensile strength caused by the vulcanisation process exceeds 15 per cent., 
the textile material in question may be considered to be at fault. On the 
other hand, there should be no tendering of the cloth in cold cured goods, 
and its occurrence is in such articles due simply to some fault in the 
vulcanisation.’ Either the chloride of sulphur is of unsuitable quality, or 
the vulcanisation has been carried out under conditions favouring the 
deposition of dew upon the rubber coating. The hydrochloric acid thus 
formed, coming subsequently in contact with the face of the fabric, then 
attacks the cotton fibre. The defect in this case is therefore entirely the 
fault of the rubber manufacturer. If, however, the selvage of the rubber- 
coated fabric is essentially stouter than its body, it often happens that this 
selvage is not covered by the india rubber coating. On cold curing such 
cloth, the selvages are liable to take up some of the vulcanising solution, 
with the result that the cloth along the edges contains chloride of sulphur, 
the decomposition of which results in the formation of hydrochloric acid, 
which then destroys the fibre. This effect often spreads for a considerable 
distance from the edges to the centre of the cloth, so that, on superficial 
examination, it may sometimes appear as if the cloth were tendered all 
over. But whenever this tendering is due to an absorption of the vulcan- 
ising solution by the selvage, it will be found that the central part of the 
fabric shows either no tendering at all, or a very slight degree of it only, 
with a very marked increase of it towards the edges. 

In dyed waterproof fabrics (macintosh cloth) tendering is much more 
frequent. It occurs but rarely in cold cured goods, and then always 
through one of the two above stated causes—most generally through badly 
carried out vulcanisation. In hot cured goods it is rather common. It is 
seldom due to the inferior quality of the yarns used in the manufacture of 
the textile fabrics, but arises almost invariably from the presence in the 
cloth of small quantities of sulphuric acid, or from the employment of 
mordants which at vulcanising temperatures attack the textile fibres. The 
presence of sulphuric acid in these cases is obviously due to the imperfect 
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washing of the cloth after dyeing. This is confirmed by the fact that the 
dyed fabrics showing excessive tendering in the vulcanisation process, due 
to the presence of free sulphuric acid, are woollens or unions.’ The 
amount of sulphuric acid thus present very rarely exceeds 0°25 per cent., 
an amount which appears to be quite unobjectionable while the fabrics 
contain their normal proportion of atmospheric moisture. In the process 
of vulcanisation, however, this moisture, Which serves as a diluent for the 
sulphuric acid, disappears, and the acid rapidly attains a concentration 
fatal to the textile fibre. This is naturally, therefore, most pronounced in 
the case of unions, and results in extreme cases in the almost complete 
destruction (carbonisation) of the cotton warps. 

Among mordants having such a tendering effect, ferric oxide is to be 
particularly mentioned. At vulcanising temperature this substance affects 
cotton fibre materials very energetically. Wool seems to suffer much less. 
Whether the enormous tendering of heavily loaded black silk is to be 
ascribed to the tin and iron mordants used, I have not sufficient experi- 
mental data to decide, but the probabilities are in favour of the 
assumption. 

d. Defects arising in Use.—The discussion of all the defects coming 
under this head would, in itself, fill a fair-sized volume. No doubt the 
composition of india rubber articles of every description is, at times, such 
as to render them more or less unsuited for their purpose, or, at least, to 
favour the development of certain defects; but I am not sure whether 
cases, in which the appearance of defects is not so much the fault of the 
rubber manufacturer as of the consumer, are not much more numerous. 
There is, to begin with, the fatal tendency on the part of the consumer 
to buy increasingly cheaper grades without the slightest consideration of 
the market prices of crude india rubber, and there is, moreover, the un- 
conscionable treatment to which rubber goods are often subjected. Indeed, 
it is very doubtful whether there is any other class of goods which is so 
habitually maltreated as rubber goods, from which .a great number of 
people appear to expect the properties of almost all the other technical. 
raw materials combined. 

Defects arising from use alone may be due to sins of omission or 
commission in respect of the constituents of the mixings, or to unsuitable 
vulcanisation. That is to say, considered from general points of view, a 
sample of manufactured rubber may in every respect appear a thoroughly 
satisfactory production, and nevertheless prove unsuited to the special 
requirements and conditions of its practical use. In such cases the defect 
obviously arises from the circumstance that in its composition and manu- 
facturing treatment insufficient attention was paid to the chemical and 
physical influences to which it would be exposed in practical use, or else 


1 In the dyeing of cotton fabrics, sulphuric acid is only very rarely used. If used, it 
is easily removed by washing, whereas it clings pertinaciously to wool. This, no doubt, 
is due to functional chemical differences between vegetable and animal fibres. 
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the consumer himself uses an article manufactured to meet other and 
different requirements. 

The defects in question may be caused by the following chemical 
agencies :— 

1. Acids.—The action of the various acids upon manufactured india 
rubber varies considerably according to the nature of the acid, and, for 
the same acid, with its concentration, and with the temperature at which 
it is applied. The latter point is rather important, as will be seen on 
examining the first of HrmnzerLine and Paut’s tables given on page 165. 
From the figures there given for the action of sulphuric and acetic acid: 
respectively, one might feel justified in drawing the conclusion that the 
action of sulphuric acid upon manufactured india rubber invariably pro- 
duced a decrease in weight, the action of acetic acid almost as invariably 
an increase in weight, in the test piece. But this conclusion would be 
entirely erroneous. The above named authors, to begin with, operated with 
concentrations of these acids (27°5 per cent. H,SO,, and 46°5 per cent. 
©,H,0,) which cannot be said to be fairly representative of the conditions 
most frequently encountered in practice. They altogether omitted the 
investigation of the simultaneous effect of acids and temperatures up to 
the boiling point of water. In my opinion, this work should be repeated 
with acids not exceeding 10 per cent. in strength at the temperatures of 
say 20, 60, and 90° C. The results of such a series would bear much more 
clearly and surely upon the behaviour of manufactured india rubber under 
practical conditions. My own observations leave no doubt that the action 
of a 10 per cent. sulphuric acid upon india rubber, both at ordinary and at 
higher temperatures, is much more marked in the vast majority of cases 
than the prolonged action of 27 per cent. acid in the cold. Treatment of 
rubber samples, similar in composition to those experimented upon by the 


above named authors, with a 10 per cent. strong acetic acid has very 


little effect in the cold, but acts most energetically at temperatures above 
50° C., the effect, however, being not an increase in the weight of the 
sample,! but a more or less considerable decrease. 

Articles manufactured from sound india rubber and sulphur alone 
withstand the action of 10 per cent. sulphuric acid. even at boiling 
temperature for very long periods, provided they are reasonably treated as 
regards mechanical wear. But goods of this high quality are not the rule, 
the majority of consumers preferring those of a low first cost, and these 
ean only be supplied by resorting to ‘mixings’ containing more or less 


considerable quantities of mineral matter, and it is in this class of goods 


that various defects make their appearance on exposing them under 
practical conditions to the action of acids. 

It is therefore these mineral matters which are primarily responsible 
for the appearance of defects in rubber articles exposed to the action of 
dilute acids, such as sulphuric, hydrochloric, or acetic acid ; and it is obvious | 


1 See the extraordinary figures obtained by HEINZERLING and PAUL. 
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that if the mixings contain any substances easily acted upon by these acids, 
a more or less rapid disintegration is the unavoidable result. It might be 
thought, however, that these acids could at most affect merely the surface 
of the rubber articles, as this substance is generally considered the water- 
proof substance par eacellence. This is another of those deep-rooted errors 
which it is almost impossible to destroy. There are, indeed, scores of 
substances which, as mere waterproofing agents, are infinitely superior to 
india rubber, and which absorb scarcely appreciable quantities of water on 
prolonged immersion, whereas india rubber under the same conditions may 
absorb as much as 25 per cent. of its weight. This absorption is greatly 
facilitated by an increasing porosity of the india rubber, and as the porosity 
of india rubber unavoidably increases with the proportion of mineral matter 
which is worked into it, the action of the acids is by no means confined to 
the surface only of the articles. If, then, this mineral matter is readily 
acted upon by acids, the primary nature of their action upon rubber 
articles is perfectly obvious. This action in its simplest form is simply a 
dissolving action, but in many cases the products formed by it may exert a 
secondary action upon the india rubber often more destructive than the 
first. 

Zinc white, Paris white (CaCO,), and lithopone are the greatest 
offenders in this respect, and they are also used more frequently in rubber 
mixings, and in greater quantities, than any other mineral substance. 

Dilute sulphuric acid will dissolve out the zinc white and the zine 
sulphide of the lithopone in the form of zinc sulphate, thus converting the 
rubber into a finely porous mass, and I look upon this porosity (sponginess) 
as the immediate cause of the mischief. It not only greatly reduces the 
resistance of the remaining india rubber to friction and mechanical wear 
and tear generally, but it lays it open to the influence of oxidation in a 
peculiarly effective manner. Whether it is merely the enormous increase 
of surface which renders india rubber in this state such a certain prey to 
oxidation, I am not prepared to insist, but it is an everyday observation that 


india rubber rendered porous in this manner undergoes oxidation at an 


extraordinarily rapid rate. 


? The rate at which a sample of manufactured india rubber, when deprived of the free 
sulphur which is distributed throughout its mass, will undergo oxidation is perfectly 
astounding. This observation, that manufactured india rubber, after extraction with 
acetone or carbon bisulphide, is extremely oxidisable, led HENRIQUES to assume that 
free sulphur was not only not objectionable in manufactured india rubber, but acted, 
indeed, as a preservative of it. This assumption I consider entirely erroneous, and I 
hold that this phenomenon is simply due to the finely porous condition of the india 
rubber caused by the removal of the free sulphur. This view is confirmed by the 
circumstance that porosity produced by the removal of any other body present in a state 
of fine distribution has exactly the same effect. It is also confirmed by the fact that 
goods, which have been vulcanised in such a way as to contain only just appreciable 
traces of free sulphur, show for that reason no particular inclination to oxidation ; and it 
is further supported by the observation, much utilised in practical working, that the 
admixture to india rubber of substances counteracting incipient porosity by filling up the 
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The action of dilute sulphuric acid (10 per cent.) upon india rubber 
containing Paris white leads to the gradual transformation of this 
substance into calcium sulphate CaSO,,2H,0. This reaction involves a 
considerable increase on the bulk of the original calcium carbonate present, 
and it produces, therefore, a correspondingly considerable internal strain in 
the ind’a rubber, which renders it apparently hard and inelastic, and 
reduces considerably its resistance to wear and tear. 

Dilute hydrochloric acid (5 to 10 per cent.) dissolves the zinc white as 
well as the Paris white and the zine sulphide of the lithopone, and its 
action is distinctly more rapid than that of sulphuric acid. It is the zine 
oxide and zinc sulphide which, in the case of this acid, are most objection- 
able on account of the formation of zine chloride, which has a curiously 
destructive action upon india rubber. Concentrated hydrochloric acid 
(from 12 per cent. upwards) induces a more or less rapid destruction of the 
india rubber by converting it into polyprene hydrochloride. 

Dilute acetic acid dissolves the zinc white and Paris white, but is with- 
out effect upon lithopone. The latter may therefore safely be used in the 
manufacture of rubber goods required to withstand the action of this acid. 
Concentrated acetic acid dissolves the zinc white and Paris white rather 
more slowly than the dilute acid, but it shows the curious effect of inducing 
a considerable swelling of the india rubber, especially if the latter happens 
to possess a low coefficient of vulcanisation. This is curious in view of the 
fact that acetic acid has neither a solvent action nor even a perceptible 
swelling action upon unvulcanised india rubber. 

The above named acids are those to the action of which manufactured 
india rubber in its technical use is most frequently exposed, and it will have 
been noticed that any such detrimental action of these acids is due not so 
much to their direct action upon the india rubber, as to their action on 
one or other of the mineral matters with which it has been compounded. 
There are, however, some acids, the action of which is characterised by the 
circumstance that it affects the india rubber itself rather than the mineral 
matter present. The acids of this description most likely to be encountered 
by india rubber articles are chromic acid (including bichromates) and 
nitric acid. Both rapidly destroy soft rubber goods of every description, 
nor are any means known of reducing such action to a satisfactory 


pores as soon as formed invariably reduces its liability to oxidation. I look upon the 
admixture of tar, mineral oils, paraffin wax, and similar bodies as substances performing 
this valuable service. 

In this connection it is also worth pointing out that finely ground (vulcanised) 
rubber waste, which has been boiled with some alkaline solution so as to deprive it of 
its free sulphur, and which is subsequently dried in a vacuum stove, on being removed 
from the latter, suffers oxidation at such a rate that, after a few minutes’ exposure to the 
atmosphere, the whole mass reaches a temperature often exceeding 250° C. If this 
reaction is not checked in time, the rubber bursts into flames. 

1 I am inclined to believe that this action consists in an intramolecular rearrange- 
ment of the polyprene complex, more particularly in the commutation of the olefinic 


_polyprene into a cyclical-polyterpene. 


va 
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minimum, still less to prevent it. Hard rubber goods are extremely 
slightly affected by these acids, evidently owing to the fact that vulcanite 
constitutes a saturated compound. 

It is only to be expected that solutions of oxidising agents in general 
affect’ india rubber in much the same way as the two above named acids. 
This action is very marked in the case of solutions of bleaching powder, 
ferric salts, nickel salts, cupric salts, and vanadium salts. 

2. Alkalies.—Dilute solutions of the alkalies have very little action 
upon manufactured india rubber in the cold. At higher temperatures and 
concentrations they have a tendency to considerably soften india rubber 
possessing a low coefficient of vulcanisation, and still more so india rubber 
containing much free sulphur. India rubber thus softened tends to decay 
very rapidly. 

If the india rubber contains mineral matters which are chemically 
affected by alkalies, such as zinc oxide and, to a lesser degree, litharge, the 
articles very generally suffer disintegration, which rapidly proceeds from the 
surface inwards. 

As all the fatty substitutes are saponifiable by alkalies, ammonia 
excepted, it is obvious that rubber goods coming into contact, especially 
with hot alkalies, should not contain that admixture. For the same 
reason such goods should contain no saponifiable resins. In this respect it 
should be remembered that some brands of india rubber contain saponifiable 
resins as a natural impurity. | 

3. Organic Compounds.—Generally speaking, all organic substances 
which are readily absorbed by india rubber tend to deteriorate it, 
especially at higher temperatures. Fatty, mineral, and resin oils are 
especially conspicuous in this respect. That these exert any chemical 
action upon the india rubber is very improbable, but they all soften it, 
and thereby render it more liable to oxidation. Aniline and similar 
organic bases act in the same manner, but the surprisingly destructive 
action upon india rubber of some of them—notably hydrazine and its 
organic homologues—strongly suggests a direct reaction between them 
and the rubber substance. The action of all these bodies decreases with 
an increase of the coefficient of vulcanisation, and the latter, therefore, 
should be carefully considered in manufacturing goods known to be 
subsequently exposed to the influence of the above named classes of 
compounds. 

4. Influence of High Temperatures.—India rubber articles exposed to 
high temperatures may develop quite a number of defects. The most 
characteristic of these are as follows :— 

(a) The articles, while apparently remaining unaltered, are found, on 
closer examination, to have lost more or less completely their 
strength or cohesion. 

(b) The articles assume a much darker colour, often look as if their 
surface had been singed, and the latter is more or less sticky. 
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(c) The articles become hard, frequently cracking on sharply bend- 

ing or doubling them. » 

(A) Articles possessing a comparatively low coefficient of vulcanisa- 
tion are particularly liable to develop this defect, especially if the time 
allowed for vulcanisation has been short. Much the same phenomenon 
occurs also in articles containing a considerable amount of paraffin wax 
(5 per cent. and upwards), or similar hydrocarbons. 

(B) This defect is generally associated with goods containing mineral 
oils, large quantities of recovered rubber, or large proportions of ‘sulphide’ 
substitutes. 

(C) This last defect invariably appears in goods containing ‘ white’ 
substitutes (chlorosulphides), but more commonly it is due to the presence 
of a considerable amount of free sulphur. 

The first two defects are fatal to articles which are to be habitually 
exposed to high temperatures, particularly to high pressure steam. The 
‘blowing out’ of joints is gererally the result of the use of this class of 
goods. Goods showing the second defect require, moreover, a frequent 
tightening up of the joints, which in this case often results in the packing 
being pressed some distance into the free lumen of the pipes, thus 
throttling the flow of steam. 

If the defect described above under C is not accompanied by loss of 
strength, it is not in itself objectionable in steam packing. Indeed, in 
modern practice the production: of goods, which in use form a hard 
vulcanised joint, is aimed at. These remain absolutely steam proof as 
long as they remain undisturbed. A typical American product of this 
description gave, on analysis, the following results :— 


India rubber, . . 8°28 percent. ; Paris white, . . . 19°68 per cent. 


Palata, . 2 795! \lg } ee Plumbago, e 4 OCLs bees 
Organic extract, et SO 50 Se Dee RUD, a tb 225 84D OS 
Free sulphur, . agg, Sage Total sulphur in rubber, . 19°87 ,, ? 
Sulphur of vulcanisa- Coefficient of vulcanisa- 

2 


its) | ; Brae br 7 ae tion, . , ° On jth ear 
French chalk, . see Oey og P 


The low percentage of resilient substances (rubber and Balata) con- 
tained in this packing renders it rather rigid to begin with. This 
rigidity is subsequently very much increased by the high coefficient of 
vuleanisation, and in use this steam packing will become harder still as 
the result of the after-vulcanisation produced by the large amount of free 
sulphur present. 

There are, of course, other classes of rubber goods, the hardening of 
which under the influence of heat would be highly objectionable, as 


steam hose, motor car tires. 


5. The Oxidation of Rubber Goods.—Under this heading are classed a 


1 This evidently consisted of some soft resin such as colophony, 
: 2 Calculated upon the sum of the percentages of india rubber and Balata. 
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number of defects which all possess the common characteristic of the 
rubber, becoming stiff and hard, or else being converted into a more or 
less sticky and plastic substance. 

Whether all, or, indeed, any, of these defects are to be attributed in 
their final stages to oxidation or not, is uncertain, but they undoubtedly 
arise in the first instance from a great variety of causes. 

That india rubber is extremely prone to oxidation is a matter of every- 
day observation. Indeed, this is only what the peculiar chemical nature 
of india rubber would lead one to expect. The more or less pronounced 
tendency of all terpenes to ‘resinify’—7.e., to form resinous bodies by 
absorption of oxygen—goes a long way to explain the analogous tendency 
of india rubber. The spontaneous oxidation of the terpenes has been 
very little studied, but it appears to proceed on lines similar to a great 
number of other cases in which the formation of hydroxyl plays an im- 
portant part. The same is, no doubt, true of many of the cases of oxida- 
tion in india rubber. Perhaps this explains the very curious phenomenon 
that india rubber in intimate contact with oxidising bodies invariably 
becomes oxidised itself. Herein lies one of the most potent reasons against 
the use of unstable or oxidisable substances in india rubber mixings. 

The formation of resinous bodies from india rubber (unvulcanised) 
under the influence of atmospheric oxygen was first observed by SPILLER 
(see page 9). Subsequently Burauarpt! paid some attention to the 
technical side of this subject, and he arrived at the conclusion that ‘‘the 
amount of oxygen taken up or combined with the caoutchouc is an index 
of the amount of deterioration which it has undergone.” In support of 
this statement, he quotes the following analyses :— 


Carbon, . : : ; a ty her sf 87°50 77°91 42:53 64°00 
Hydrogen, ; : : A he Bi es: 10°00 10°33 11°31 9°26 
Sulphur, . : : : 5 il. 2°50 5°15 1<O7 2°28 
Oxygen, . : : ; : Nil. Nil. 6°61 14°19 24°46 


No. 1. Pure caoutchouc from Para. 

No. 2. Theoretical vulcanised elastic thread. 

No. 8. Vulcanised elastic thread, perfectly sound. 

No. 4. ae "e damaged, but still elastic. 

No. 5. aS ~ 3 brittle and very hard. 


This subject was further investigated by THomson,? who also observed 
the marked oxidation by the oxygen of the air especially at higher 
temperatures. The detrimental effect he ascribes to the air occluded in 
the pores of rubber goods is, however, greatly exaggerated, as the amount 


of oxygen thus present, even if it is all taken up by the india rubber, is 


1 Thorpe’s Dict. of Appl. Chem., vol. ii. p. 320. 
2 Journ. Soc. Chem. Ind., 1885, p. 710. 
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far too small to sensibly affect the latter. His suggestion, therefore, to 
vulcanise rubber goods in vacuo is entirely unnecessary, and it is, moreover, 
a practical certainty that it would result in the production of an enormous 
proportion of faulty (blown) goods. THomson was also the first to observe 
that the extraction of the free sulphur renders the rubber liable to very 
rapid deterioration, and his explanation that this is due to the porosity 
caused by the removal of the sulphur particles is undoubtedly correct. 
This is equally true in regard to his statement that the presence of oils, 
especially fatty oils, in india rubber much increases its tendency to 
oxidation ; and his statement that in this respect palm oil shows the most, 
and colza oil the least, activity is fairly in accordance with our practical 
experience—at any rate, so far as the last named of these oils is concerned. 

We owe to Hiryer! a quantitative observation of the absorption of 
oxygen by india rubber. He ascertained that an india rubber stopper of 
40°8 grms. weight showed during six months a daily oxygen absorption of 
0:074 c.c., or a total of about 14 cc.=20 merms. This result bears 
obviously no appreciable relation to the weight of the rubber stopper 
experimented upon, but only to its surface, which is not stated. 

The disastrous effect of copper upon india rubber was first pointed out 
by Bureuarpt, but it must be remarked that different copper compounds 
act very differently in this respect, insoluble compounds scarcely acting at 
all. This is the reason why ‘dry heat cured’ waterproof fabrics, the cloth 
of which contains copper, very rarely give trouble on that score, the cupric 
sulphide formed in the vulcanisation process being practically innocuous. 
‘Under the same conditions cupric chloride, which acts as a most energetic 
oxygen carrier, and rapidly destroys the proofing, would form in ‘cold 
cured’ cloth. 

In the series of observations on the following page are given the 
results of a number of tests in this direction made by impregnating 
scoured, bleached, and carefuily washed cotton cloth with solutions of 
various strengths of cupric sulphate. The fents were then dried, passed 
through a dilute solution of sodium carbonate, washed and again dried. 
In the various fents so prepared, the percentage of copper present was 
estimated. Fents 1 to 9 were spread with pure Para rubber, and ‘cold 
cured’; fents 10 to 17 were spread with a mixture of pure Para with 6 per 
cent. of sulphur, and ‘dry heat cured.’ These samples were then put by 
and examined upon from time to time. 

The remarkable influence of the mode of vulcanisation upon the 
activity of the copper will readily be noted ; so will the curious fact that so 
very minute quantities of copper are capable apparently to destroy 
unlimited quantities of india rubber. Respecting this point, I suspect that 
the cupric salts in the textile fabrics enter into organic combination 
probably with acid products of the oxidation of india rubber, and these 
compounds gradually penetrate into the india rubber, carrying their effect 


1 Ann. Phys. Chem., N.¥. xxxiv. 1. 
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through its whole mass.. The action of the cupric salts is, of course, that 
of the oxygen carrier, and may be expressed by the equations: 


2Cu0 = Cu,0+0, 
Cu,0 +0 2Cu0, 


I 


which explain why mere traces of copper suffice to destroy an almost 
unlimited quantity of india rubber. This action of copper in the cloth is 
enormously accelerated by the presence of oils or greases in the cloth, 
which no doubt act as an excellent vehicle for the carrying of the cupric 
salts in the india rubber. 


No. of Test. eee cs Appearance after 
1 0°004 6 months: perfectly sound. 
PTE tase +3 
18 22 : 29 
21 ,, : very slight signs of decomposition. 
2 0°008 Bi ian) pets ORM. 
Ox. 5 520s: doubtial, 
12 4,  : distinctly decomposing. 
3 0 010 6  ,,  : very doubtful. 
9 4, +: decomposing. 
4 0°025 6 ,,  : very doubtful. 
9 ,,  : badly decomposed, hard. 
5 0°03 6  ,,  : decomposition very marked, 
9  ,, +: quite hard and brittle. 
6 0°045 3 4, +: distinctly decomposing, 
6  ,,  : badly decomposed. 
7 0°065 1 month : decomposing. 
3 months: quite hard. 
8 0°100 1 month : badly decomposed, 
9 Nil. Sound after 6 years. 
10 0-004 i s 
11 0:008 6 years: distinctly stiffened, but still saleable. 
12 0°010 Getting stiff after 3 years ; after 6 years decomposed. 
13 0°025 21 months: signs of change. 
14 0030 99 99 39 
15 0:045 15 months: distinctly decomposing, 
16 0°065 9  ,,  : already hard. 
yg 0°100 4  ,,  : distinctly decomposing. 


The salts of nickel, manganese, and tin act similarly to those of copper, 
though in a much less degree. Whether the salts of iron are capable of 
such action is still doubtful; theoretically one would expect it. Chromic 
salts are without any action. 

Rubber goods containing excessive quantities of heavy coal tar 
hydrocarbons, mineral oils, fatty oils, or greases, are very liable to rapid 
destruction by oxidation. Goods of this description will generally be 
found to be of very low quality, and as the above named oily bodies tend 
to swell the india rubber, they thereby impart to it a certain softness and 
resiliency suggesting a better quality. In this swelled state india rubber 
is particularly sensitive to oxidation. 


Fatty substitutes, if present in large quantities, are liable to affect 


™ 
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india rubber in the same way if they contain high percentages of free oils, 
or if they are chemically unstable. 

In a very large number of cases we find, however, india rubber goods 
suffering rapid destruction from oxidation without there being any of the 
above named contributive causes present. I believe that in all these cases 
a faulty vulcanisation is at the bottom of the mischief. Unfortunately 
neither a faulty, nor, as a matter of fact, a correct, vulcanisation can be 
defined in simple terms, such as, for instance, may be used respecting the 
coefficient of vulcanisation. The latter certainly may be evidence of faulty 
vulcanisation when it is obviously unusually low or unreasonably high, 
but it is quite conceivable that a piece of rubber may be. badly vulcanised 
though it possesses a satisfactory coefficient of vulcanisation. The physical 
conditions under which vulcanisation has been carried out exert enormous 
influence upon the stability of the product, more particularly upon its 
liability to oxidation, and at the present time we are not yet in a position 
to ascertain in numerical terms the effect of any possible combination of 
vulcanising conditions in relation to any given coefficient of vulcanisation. 

e, Defects in Appearance.—Defects of this description may be due to 
mechanical causes, to unsuitable physical conditions (apart from those 
which may possibly exist in the vulcanising process) during manufacture, 
or to certain faults in the mixings or curing. We need only concern our- 
selves here with defects due to the last two causes—indeed, it will be found 
that as far as blemishes in the appearance of india rubber goods are con- 
cerned, the cause lies almost invariably in the vulcanising, and consists 
generally of some kind of discoloration. These defects appear, therefore, 
most frequently in white, drab, and coloured rubber goods, and they are 
caused either by the action of sulphur vapour or by the action of chloride 
of sulphur, and not uncommonly by the combined action of chloride of 
sulphur and moisture, upon the pigments and other colouring matters con- 
tained in the india rubber. Either these are not able to withstand the 
influence of these substances, in which case the colouring materials used 
have been injudiciously selected, or they contain some impurity which is 
responsible for their discoloration, or perhaps the ‘cure’ has been too pro- 
longed or carried out at too high a temperature, or the ‘cold curing’ 
solution has been too strong or carried out under conditions favouring the 
deposition of moisture upon the surface of the goods. A careful examina- 
tion of the goods and of the materials used in the manufacture will in 
most cases readily furnish the clue to the explanation of the defect. 

The appearance of the free sulphur contained in manufactured india 
rubber upon its surface (‘sulphuring up’) is in the case of a large number 
of rubber articles looked upon as an effective finish, in every way to be 
preferred to the rather crude appearance of the goods fresh from the 
vulcanising room, as it imparts to them a soft, velvety surface. In many 
other articles, notably coloured and black goods, this ‘sulphuring up’ is,. 
however, regarded as a serious defect. 
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This phenomenon is, of course, due to the excess of sulphur in the 
vulcanised goods, which, after vulcanisation, gradually changes from the 
colloidal to the crystalloidal form (see page 111), and it is evident that it 
is closely connected with this change of physical condition, because an 
unyvulcanised mixture of india rubber with crystalloidal sulphur—flowers 
of sulphur, ground rock sulphur—never sulphurs up. A vulcanised 
rubber article which has a tendency to ‘sulphur up’ will not do so for 
months if it be kept at a fairly uniform temperature in a perfectly dust- 
free atmosphere, but the moment it is touched by the hand or by a brush, 
or as soon as it is exposed to dust, the process of ‘sulphuring up’ begins, 
and in a few hours will spread all over the surface. At first a very fine 
film is formed, composed of microscopically fine sulphur crystals, which in 
course of time (and provided there be a sufficient amount of free sulphur 
in the article) grow in size until eventually they become plainly visible to 
the naked eye. 

The current notion is that this occasionally very troublesome defect is 
simply due to the fact that sulphur is slightly volatile at ordinary tempera- 
tures. This view I consider entirely erroneous. Indeed, if the extremely 
slight volatility of ordinary sulphur were the cause of the ‘sulphuring 
up,’ we should expect this defect to disappear even at a quicker rate than 
at which it appears, or, in other words, it could not exist at all. From what 
has been shown respecting the curious phenomena accompanying the 
erystallisation of colloidal sulphur (page 110 f.), it is evident that this 
process of ‘sulphuring up’ would much more aptly be described as a 
process of ‘sulphuring down ’—~.e., the process does not, as is generally 
suggested, begin below the surface, gradually working its way outward, but 
it begins at the very surface itself. 

The sulphur remaining free after vulcanisation is fairly evenly dis- 
tributed throughout the india rubber in the form of extremely small 
globules of colloidal sulphur, and these retain their colloidal state until 
one or more of them lying exposed on the surface begin to crystallise 
under the influence of extraneous agencies. Crystallisation once having 
started on the surface, rapidly spreads over it—at any rate, under the condi- 
tions of repeated handlings to which rubber goods are subject in the 
factory. The action of all these crystallised globules is now exactly 
identical to those described on page 111 and figured on Plate IIT.—+.e., the 
vapour tension of crystallised sulphur being considerably lower than that 
of colloidal sulphur, every one of them represents the centre of a mini- 
mum of vapour pressure, to which, consequently, all the colloidal sulphur 
from the inside of the rubber article gradually distills, crystallising around 
it in the well-known dendritical forms. It is therefore evident that the 
‘sulphuring up’ starts entirely from the surface, the colloidal sulphur 
inside the rubber then, so to speak, condensing on this outer crystalline 
surface. 

Once formed, the permanent removal of this sulphur condensation is an 
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extremely difficult matter. The remedy therefore lies in the prevention of 
its formation. This must obviously be possible in one of the following 
Ways :— 

(a) Vulcanising with as small an excess of sulphur as possible. 

(6) Vulcanising under such conditions that at the end of the operation 
all the free sulphur has disappeared. 

(c) Using rubber mixings containing substances which will chemically 
combine with the free sulphur. 

(zd) Coating the vulcanised articles with some finish or polish imper- 
meable to sulphur vapours. 

(e) Employing, in the mixing, substances possessing the property of 
rendering, after vulcanisation, the free colloidal sulphur crystalline 
throughout the mass of the articles. 

In practice method (a) is the one most generally followed, but to be 
efficacious it requires an extremely nice adjustment of the proportions of 
india rubber, sulphur carriers, rubber ‘substitutes, and sulphur employed, 
and of the time and temperature to be allowed for vulcanisation. 

Method (@) can only ke used with goods vulcanised by the ‘open cure,’ 
in which the sulphur vapours may freely pass off the vulcanising goods. 
On a very large scale this method is adopted for the curing of rubber 
shoes and goloshes. 

Method (c) would be perhaps the most satisfactory method to employ 
allround. There are many preparations in the market for the purpose, 
but, as yet, none of them can be relied upon. 

Whether method (d) is satisfactory or not depends much upon the 
amount of free sulphur present, as, at the present moment, we do not 
know of any absolutely sulphur-proof coating for the purpose. 

I am not aware that this method (d) has so far designedly been resorted 
to, but the action it involves does by no means appear impossible of 
realisation. Its achievement would represent a most valuable technical 
acquisition, 

The defect known as ‘rolling,’ or ‘cockling,’ which not uncommonly 
occurs in waterproof fabrics, must also be mentioned here. It is most 
usually due to shrinkage of the cloth on exposure to rain, in which 
shrinkage, of course, the rubber coating does not take part. It must, 
however, be borne in mind that a very similar phenomenon may be pro- 
duced in the cold curing of proofed cloth, the rubber coating of which has 
not been dried effectually, and consequently still retains some naphtha, 
Whether the cause of the rolling lies in the cloth itself or in the proofing, 
may readily be decided by observing in which direction the cloth rolls. 
Rolling towards the cloth side is certainly due to shrinkage of the cloth, 
rolling towards the rubber side to the cold curing of an imperfectly dried 
proofing. 


APPENDIX. 


SANITARY CONDITIONS IN INDIA RUBBER WORKS. 


In the mind of the general public, an india rubber works is always 
associated with all sorts of evil smells, and it must, unfortunately, be 
admitted that there is substantial ground for this indictment, although 
within the last ten years much has been attempted, and not without 
success, in mitigation of this state of things. Still much remains to be 
done. Fortunately, in this respect most manufacturers to-day clearly 
realise that the existence of insanitary conditions in their workshops is 
not only reprehensible on ethical grounds, but also a very potent cause of 
‘slackness,’ or loss of power of production, in the work people, though 
there is still a good deal of indifference with regard to insanitary con- 
ditions; the remedy for which is suspected of having ‘no money in it.’ 

In the following pages I propose to deal with the insanitary conditions 
in india rubber works in the order in which they are likely to arise in the 
progress of manufacture. 

1. Rubber Washing.—The first operation the crude rubber undergoes 
on entering the factory consists in a washing process. As a preliminary, 
the rubber, if necessary, after being reduced by cutting to pieces of a 
suitable size, is placed in tanks, where it is boiled with water for a certain 
time. From these tanks it passes to the well-known washing mills, the 
washed sheets emerging from which are subsequently dried either in hot-air 
stoves or in vacuum pans. 

The nuisance likely to arise in this process is in the boiling of the 
_ rubber. No trouble in this respect is likely to arise in the boiling of very 
high grades of rubber, but a few of the medium and low grade brands give 
off an almost unbearable stench. The obvious remedy for this is to carry 
out the boiling in closed and ventilated vessels. The alternative of fixing 
a hood and ventilating shaft above the tank would, no doubt, be equally 
efficacious in abating the nuisance inside the workshops, but its trans- 
ference to the open air in densely inhabited districts would not long be 
tolerated. 

2. Rubber Mixing.—A large variety of organic and mineral compounds 
are mixed with india rubber, and amongst the latter the compounds of lead, 
zinc, and antimony occupy a very prominent place. In many rubber 
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factories these materials are sifted before being mixed with the india 
rubber, and it is still customary in many places to perform this operation 
by hand. It is quite needless to dwell upon the danger likely to arise from 
this reprehensible practice, and the sifting by machinery of all lead and 
zine compounds should be rigorously insisted upon. 

The mixing rollers employed in rubber factories must also be mentioned 
as a source of danger. These machines, as is well known, consist of two 
heavy rollers placed horizontally, between which the india rubber and 
other ingredients are worked into a homogeneous mixture. Considering 
the dangerous character of this kind of machine, it is really surprising that 
the number of accidents occurring is so small. Those that get their fingers 
caught somehow always manage to tear them from the grip of the rollers, 
though they may leave their nails behind and get their finger ends more or 

less severely crushed, There are, however, a number of cases on record of 
men not having succeeded to save themselves in this manner, but being 
drawn into the machine and having their arm or arms torn from their 
bodies. This, of course, means death in its most appalling form. 

For starting and stopping, these machines possess on their driving 
wheels a clutch and striking gear; but it is a well-known fact, that when 
the machine has its load on, it is a physical impossibility to open the clutch 

_ and stop the machine. There is no reason whatever why such an in- 
efficient type of clutch should be tolerated, as there are quite a number of 
clutches known which do not possess this grave defect.} 

3. Coal Tar Naphtha, Petroleum Spirit, Shale Oil.—These well-known 
solvents are the cause of a good deal of trouble in india rubber works. In 
those workrooms in which these solvents are not deliberately evaporated, 
where, therefore, they are only exposed to normal workshop temperatures, 
0 inconvenience is experienced, as it is obviously in the interest of the 

manufacturer to adopt all possible means to avoid a premature evaporation— 
 44., waste of solvents. The case is different in those rooms in which these 
> solvents are purposely evaporated so as to leave a dry coat of rubber on a 
textile fabric. Evaporation of the solvents is carried out on the machines 
known as ‘spreading machines, and used in the manufacture of waterproof 
cloth. This industry has assumed enormous proportions. The yearly 
_ production of waterproof fabrics in Great Britain alone amounts, on a 
_ moderate computation, to at least 125,000 pieces of 60 yards each. 
| Taking the very moderate average of 8 oz. dry weight of rubber mixing 
| per yard of cloth, and taking the ‘naphtha moisture’ of the rubber doughs 
used as amounting to 50 per cent., also a moderate estimate, this would 
2 give us the quantity of solvents evaporated in British factories alone as 
a amounting to 2000 tons, or say 600,000 gallons, per annum. It is there- 
- fore not to be wondered at that the atmosphere, even in the most modern 


a 3 A very ingenious device, enabling the worker to stop his machine practically 


- instantly even if both his hands should be caught, has been described by Mr F. Cours 
in his book on Gummi, Guttapercha vmd Bolata, Leipzig, 1899, ‘a 
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and spacious of spreading rooms, is quite unbearable for anybody not 
inured to it, and becomes at times even unbearable to the workmen, who 
then resort to the simple British plan, not unknown in respect of less 
objectionable occupations, of ‘walking out of it.’ 

Upon the question whether the vapours of the above named rubber 
solvents are dangerous to health, I do not feel competent to express an 
opinion. They certainly irritate the eyes and the respiratory organs, but 
this effect is not observable in those accustomed to work in an atmosphere 
charged with these vapours. On the other hand, there is no doubt what- 
ever that working in the atmosphere of a spreading room very frequently 
produces strongly marked effects on the men, who often plainly show all the 
symptoms of intoxication. Under specially unfavourable conditions cases 
of actual stupor and markedly dilated pupils not infrequently occur. Even 
where these symptoms are absent there is generally a decided increase of 
the frequency of the pulse. The latter I have repeatedly observed as high 
as 86 per minute. In young boys who are new to the work, this naphtha 
intoxication produces a curious hysterical condition followed by stupor. 
The effect passes off after a few hours’ sleep, and gradually the boys appear 
to become less subject to the influence of these vapours. As a curious fact, 
I may mention that the number of abstainers amongst india rubber 
spreaders appears to be singularly small—in fact, I have never met 
one yet. 

Whether the above conditions are matters for Government interference 
must be left to the medical advisers of the Home Office to decide, but 
there can be no doubt that it is inimical to all the interests of manu- 
facturers to have a large body of men in their factories working all the 
year round in a state bordering on intoxication. 

The obvious remedy for this nuisance, to apply a very lenient term to 
it, is not to allow these solvents to pass into the atmosphere, but to con- 
dense them as soon as they are formed. This problem has attracted the 
attention of quite a number of manufacturers and inventors, many firms 
putting up installations for the purpose. Most of these were abandoned 
after a period of experimenting ; some of them are working still, but, from 
all the information I could gather, with rather indifferent results. This, 
in my opinion, is entirely due to the wrong principles upon which the 
plants in question were or are constructed. 

It appears that in every case the essential features of the plant em- 
ployed were practically the same: a low cowl or hood is fixed over the 
heating chests upon which the rubber-coated fabrics are dried. By 
connecting this cowl through some form of condenser with a suction pump 
or fan, the naphtha vapours rising from the fabrics are carried through a 
condenser. But it will be seen that in order to lift the naphtha vapours 
from the cloth and to carry them to the condenser, a current or volume 
of air is required greatly exceeding the volume of the naphtha vapours to 
be condensed. ‘This subsequently impedes considerably the efficiency of 
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the condenser, owing to the low heat conductivity of air ; and as, moreover, 
the hydrocarbons in question possess a very considerable vapour tension 
even at ordinary temperatures, it is obvious that a considerable proportion 
of the vapours thus aspirated must unavoidably remain uncondensed. I 
am informed that the best results obtained with this description of plant 
varied from 20 to 25 per cent. of the quantity of naphtha carried by the 
rubber-coated fabrics. Against this there was the cost of the suction 
current and of the working of the condenser, which, together with the 
charges for interest on capital and depreciation, rendered the process 
unremunerative. To this must be added the danger arising from fires, 
the latter tending at once to spread from one machine to the other when 
they were all connected by the above named suction tubes, and the possi- 
bility of serious explosions of the mixtures of air and naphtha vapours. 

To my mind all these attempts were either doomed to failure at the 
very outset, or could, at best, attain to very mediocre results only, owing to 
the application of an air current for the carrying of the vapours to a con- 
denser ; and I am of opinion that the simplest, the most natural, and, at 
the same time, the most efficient process will be found to consist in allowing 
the naphtha vapours to fall by their own gravity! upon a suitably 
arranged condenser surface. Such a plant has been devised by WuBer and 
FRANKENBURG (Eng. Pat., No. 16,919, 1901), and it is working in a most 
satisfactory manner, from 60 to 70 per cent. of the naphtha carried by 
the rubber-coated fabric being recovered. In case of fire there is no risk 
of its spreading to other machines or of causing explosions, every machine 
being entirely self-contained. 

The above named solvents are also apt to render the atmospheres of 
the ‘making up rooms’ rather oppressive, owing to the large quantities of 
rubber cement used in them. A ‘solutioning’ machine patented by 
J. FRankenBuRG (Eng. Pat., No. 3568, 1899) effects a great improvement 
in this respect at a considerable saving of the expensive rubber cement. 

4, The Vulcanising Process.—There is nothing in any of the various 
methods of vulcanising india rubber by heat (in conjunction with sulphur) 
which could detrimentally affect the workers. As the temperature is 
rather a high one, in some of the methods small quantities of sulphur 
vapour being given off, the rooms in which these processes are carried out 
should be spacious and effectually ventilated. 

The ‘cold’ process of vulcanisation, with a solution of sulphur mono- 
chloride in carbon bisulphide, has already, on the part of the Home Office, 
been made the subject of a number of regulations and rules respecting the 
men employed. The strict administration of these regulations under the 
control of the factory inspectors has now almost completely stopped the 


1 It is curious to see how persistently rubber manufacturers and engineers treat the 
vapours of these solvents, and of carbon bisulphide, as ‘light vapours,’ meaning thereby 
lighter than air; whereas, as a matter of fact, the vapours of solvent naphtha are 
several times as heavy as air—i,¢., about as heavy as is zinc compared with water, 
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occurrence of acute and chronic cases of poisoning with carbon bisulphide 
which were formerly so common. 

As regards the machinery by which this process is at present carried 
out, this is still capable of considerable improvement. Its present form is 
very primitive, and only too plainly shows that it was designed with the 
simple view to its purpose, but without the least regard of some of the 
physical peculiarities and of the dangers to life and limb likely to arise 
from these. Of course I do not suggest that these omissions were 
intentional—in fact, I am quite certain that they are simply due to the 
entire lack of physical and chemical knowledge on the part of those who 
designed them. A rationally constructed ‘sincaloring’ machine will not 
only produce superior goods, but it will also entirely prevent those 
disastrous explosions which have been uncomfortably numerous of recent 
years. It even appears to me perfectly feasible to prevent altogether the 
discharge, now practised, of the carbon bisulphide vapours into the open 
atmosphere, and to recover practically the whole of them. This would 
finally remove one of the last remaining of the serious objections against 
the use of* carbon bisulphide in rubber works, The discharge of enormous 
quantities of the vapours of this obnoxious liquid within more or less 
densely inhabited districts is a piece of unmitigated barbarism. 

The substitution of other solvents—benzene, petroleum spirit, carbon 
tetrachloride—for carbon bisulphide has been attempted times without 
number, but without any satisfactory result. The reason of this is, of 
course, that the carbon bisulphide employed in the process does not act as 
an indifferent solvent merely for the sulphur monochloride, but has a 
specific physical effect upon the india rubber, which is absent in any of the 
above named proposed substitutes (see page 199). 

From the above it will be seen that the sources of danger to health 
peculiar to the india rubber industry are few, and, such as they are, 
unquestionably capable of being worked in such a manner as to preclude 
entirely their affecting the workpeople to any appreciable degree. This 
desirable state has not been realised at the present moment, or very im- 
perfectly only, but we are gradually getting nearer to it, thanks partly to 
the common-sense of the manufacturers, partly to the pressure exerted in 
this direction by the Home Office. 
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», Synoptical tables on, 
255, 256. 

5, Of recovered, 
Artificial, Nobel’s, 150. 
Albuminous matter in, 5. 
Ash in st2: 

Behaviour of, againstalkalies, 
31. 
,, the ey eeous, 
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acid, 37. 

= hydrobromic 
acid, 38. 
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Effect of heating upon, 16. 
Elasticity of, 17. 
Elementary composition of, 
peer 
Examination of, 116. 
Impurities in, 1, 3, 5. 
Insoluble constituent of, 6. 
latex, Composition of, 5. 
Loss on washing, 117. 
Mastication of, 16. 
Methods of the analysis of 
recovered, 186, 152. 
Mineral impurities of, 12. 
Molecular weight of, 20. 
Optical properties of, 21. 
Oxygen absorption of, 6. 

», in crude, 118. 

Permeability of, by water, 
13. 

Products of dry distillation 
of, 29. 

Reclaimed or 
130. 

Resins in, 3, 117. 

separator, Biffen and 
Howard’s, 5, 

Solubility of, 14, 

solvents, 188. 

ne Boiling-points of, 
194, 

-; Impurities in, 198, 
Specific gravity of, 138. 
substitutes, 130. 

So Analysis of, 155, 

- Analytical 
tables on 
fatty, 147. 

is Fatty and or- 
ganic, 140, 

- Free oil in fatty, 
144, 

i. Manufacture of, 
142. 

Vulcanisation of, 41. 
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Inosite, 2. 
Insulation resistance, Measurement of, 
230. 
Iron oxides, Red and brown, 205. 
Isoprene, 22, 25. 
»,  monochlorhydrate, 25. 
+ Polymerisation of, 28. 


k 
KassalI rubber, 119, 125, 126. 


L 


Lac Lropoup rubber, 126. 

Lagos rubber, 3, 18, 119. 

Lake pigments, Red and brown, 205. 
Lamp black, 210. 

Lead sulphate, 161. 

», thiosulphate, 183. 

», vuleanisers, 183, 
Liberia rubber, 125, 
Litharge, 161. 

Lithopone, 161, 186, 203. 
Loanda rubber, 127. 
Lopori rubber, 119, 126. 
Lower Congo rubber, 127. 


M 


MADAGASCAR rubber, 2, 3, 14, 119, 127, 
128. 

Magnesia, 161. 

Magnesium carbonate, 161. 

Mangabeira rubber, 3, 13, 119, 123, 

Manicoba rubber, 119, 123. 

Manoh twist, 3, 119, 125. 

Manufactured india rubber, Apparent spe- 

cific gravity 
of, 226. 

¥ Chemical ana- 
lysis of, 234, 

Dry and moist 
heat tests, 
229. 

af Mechanical 
tests, 228. 

Physical tests, 
225. 

Porosity of, 

+9 ”? or) 226. 

Real _ specific 
gravity of, 
226. 

Specific grav- 
ity test for, 
225. 

Massai rubber, 125. 

Matezite, 2. 

Matto-Grosso rubber, 119, 122. 

Metallic lustres, 211. 

Metals, Action of upon india rubber, 212. 

B-Methyl-divinyl, 27. 

B-Methyl-pyrollidine, 27. 

Mexican strips, 124. 

Mineral and resin oils, Determination of, 
241, 


Mineral matter in rubber, Determination 
of, 247, 275. 

Mollendo rubber, 13. 

Mongala rubber, 126. 

Mono-methyl-inosite, 2. 

Mozambique rubber, 3, 14, 119, 127. 


N 


NANTUSsI, 266, 

Naphtha, 189. 

Negrohead, 14, 119, 122. 

New Guinea rubber, 129. 

Nicaragua scrap, 119, 124. 

Nitro-naphthalene extract, 247, 273. 
shee treatment, Air bath for, 

49, 
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OrGANIC compounds, Action of, upon 
manufactured rubber, 296. 

Overvulcanisation, 285. 

Oxidation of rubber goods, 297. 

Oxidised oils, Determination of, 245, 269. 

Oxolin, 149. 

Oxygen-absorption of india rubber, 299, 

Ozokerite, 266. 


F 


PADANG rubber, 128, 
Panama rubber, 124. 
Para rubber, 8, 18, 14, 119, 122. 
ri ,,  Vulcanisation constants of, 
84, 86. 
Paraffin wax, 266. 
Paris white, 204. 
Penang rubber, 128. 
Pernambuco rubber, 123. 
Peruvian ball, 13, 119, 124, 
Petroleum spirit, 194, 197. 
Physical tests, 225. 
Pigments. See under respective colours, 
Pinene, Combustion heat of, 107. 
Pitches, 151. 
», Determination of, 244. 
Plaster of Paris, 161. 
Polyprene chlorosulphide, 99. 
e Combustion heat of, 107. 
. dihydrochloride, 38. 
a iodide, 86. 
- nitrosite, 39. 
“ sulphide, 107. 
tetrabromide, Preparation of, 
82 


Action of phenol 
upon, 33, 


3) 99 


Pontianac, 129. 

Proteids in rubber, 5. 
Prussian blue, 209. 
Pyridine extract, 244, 267. 


Q 


QuiIrsEMBO rubber, 14. 
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RANGOON rubber, 119, 128, 
Recovered rubber, 95. 
Red lead, 185. 
»» pigments, 204. 
Resin, Spiller’s, 9. 
», oils, Identification of, 265. 
Resinous and oily constituents, Determina- 
tion of, 241. 
Resins, 151. 
Determination of, 241. 
Influence of, upon vulcanisation, 
4, 
»,  Solubilities of, 259. 
Rio Janeiro rubber, 3. 
Ruki rubber, 126. 
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S 


SANITARY conditions in rubber works, 
304. 
Sankuru rubber, 126. 
Santos sheet, 13. 
Senegal rubber, 125. 
Sernamby, 122. 
Shale naphtha, 194, 198. 
Sierra Leone rubber, 3, 18, 117, 119, 125. 
Silica, 161. 
Solvents, 188. 
Specific gravity, 225. 
i ar Apparent and real, 226. 
Spiller’s resin, 9. 
Stannic bromide test, 265. 
Starch in rubber, Determination of, 251. 
Sulphide substitutes, Determination of, 
245, 269. 
Sulphur, 177. 
», carriers, 108, 176. 
», Chloride of, 179. 
», Combined, in pyridine extract, 


244, 
», Flowers of, 178. 
‘3 free, Determination of, 242, 
», in india rubber, 282. 
pone he 5 Determination of, 
254. 
»> 9, substitutes, Determination of, 
246. 


SS Milk of, 179. 

», Of vulcanisation, 283. 

Determination 
of, 254, 
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» Precipitated, 179. 

», solubilities of, 177. 

», Solubility of, in acetone, 177. 

as Vapour density of, 105, 108. 

re 59 »» under reduced 

pressure, 109. 

Sulphuring up in rubber goods, 110. 
Suncracking test, 229, 


T 


TAR, carbonaceous matter in, Determina- 
tion of, 268. 
,, Determination of, 244. 


Tar in rubber mixings, 267. 

Terpadiéne, 28. 

Tetroxyphenyl-dioxypolyprene, 34. 

Tetroxyphenyl-polyprene, 33. 

Textile fabrics, Dressing or sizing in, 217 

Examination of, 215. 

Fastness to rain, 219. 

Fatty matter in, 218. 

Mordanting materials in, 
220. 

Resistance to street mud 
and dust, 219. 

Shrinkage of, 217. 

Tensile strength test of, 
216. 

Thimbles, 14, 127. 

Trimethyl-ethylene-oxide, 26. 

Turpentine, 198. 

Tyndall effect, 73. 
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UELLE rubber, 126. 
Ultramarine, 208. 
Undervulcanisation, 285. 
Upper Congo rubber, 126. 
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VAPOUR cure, 52. 

Vegetable black, 210. 

Velvril, 150. 

Vermilion, 204. 

Violet lake pigments, 209. 

5» pigments, 208. 

Virgin rubber, 122. 

Vulcanisation of india rubber, 4, 12, 41. 
- Theory of, 82. 
5 with alkaline polysulphides, 

47 


= », hypochlorites, 55. 
3 », sulphur, 41. 
3 », sulphur - monochloride, 
61,971.12: 
a », the haloids, 56. 
Vulcanisers, 174, 176. 
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Waxes, 151. 

White lead, 161, 202. 
5, pigments, 202. 

Whiting, 161. 


WG 


YAKOMA rubber, 126. 
Yellow lake pigments, 208. 
»» ochre, 208. 
»» pigments, 207. 
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ZINC oxide, 161. 
,, sulphide, 186. 
», white, 161, 208. 
»» yellow, 207. 
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and Steel Ships (pp. 37, 38). With 34 Folding Plates and 468 
Illustrations in the Text. 30s. net. 


The Principles and Practice of 


DOCK ENGINEERING. 


By BRYSSON OUNNINGHAM. 


GENERAL CONTENTS. : 

Historical and Discursive.—Dock Design.— Constructive Appliances. — 

Materials,— Dock and Quay Walls.—Entrance Passages and Locks.— 

Jetties, Wharves, and Piers.—Dock Gates and Caissons.—Transit Sheds 

and Warehouses. — Dock Bridges. —Graving and Repairing Docks. — 
Working Equipment of Docks. —INDEx. 

‘*We have never seen a more profusely-illustrated treatise. It is a most important 


standard work, and should be in the hands of all dock and harbour engineers.” —Steamship. 
‘Will be of the greatest service to the expert as a book of reference.” —Engineer. 


In Large 8vo. With Folding Plates and Numerous Illustrations. 16s. net. 


A COMPANION VOLUME TO “DOCK ENGINEERING.” 
THE PRINCIPLES AND PRACTICE OF 


HARBOUR ENGINEERING. 


By BRYSSON CUNNINGHAM. 


Contents. — Introductory. — Harbour Design. —Surveying, Marine and 
Submarine.—Piling.—Stone, Natural and Artificial.—Breakwater Design.— 
Breakwater Construction. — Pierheads, Quays, and Landing Stages. — 
Entrance Channels.—Channel Demarcation. —INDEx. 


“<The best and most complete book we have seen on the subject.” —Steamship. 
“This is a standard work . . . sure to prove a valuable book of reference.”— 


Shipping World. 


In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 


THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 
By LIONEL M. HOBBS, 


Engineer-Lieutenant, R.N.; Instructorin Applied Mechanics and Marine Engine 
Design at the Royal Naval College, Greenwich. 


‘Serves its purpose admirably . . . should prove of invaluable service . . . well 
up-to-date.’"—Shipping World. 


In Large 8vo. Cloth. Fully Illustrated. 10s. 6d. net. 


THE PROBLEM OF FLIGHT. 


By HERBERT CHATLEY, B.Sc.(Ene.), Lonpon, 
Professor of Civil Engineering, Tong Shan Engineering College, N, China. 
Contents.—The Problem of Flight. —The Helix.—The Aéroplane.— The Aviplane. — 
Dirigiblo Balloons.—Form and Fittings of the Airship.—Aprprnpices (Zhe Possibility of 
Flight, Weight, A Flexible Wing, Theory of Balance, Bibliography).—INDEX. 
** An epitome of the knowledge available on the subject.” —Scotsman. 
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In Handsome Cloth. With 252 Illustrations. 15s. net. 


THE THEORY OF THE STEAM TURBINE. 


A Treatise on the Principles of Construction of the Steam Turbine, 
with Historical Notes on its Development. 


By ALEXANDER JUDE. 


Contents —Fundamental.— Historical Notes on Turbines.—The Velocity of Steam.— 
Types of Steam Turbines.—Practical Turbines.—The Efficiency of Turbines, Type I-— 
Trajectory of the Steam.—Efficiency of Turbines, Types II., III. and 1V.—Turbine Vanes.— 
Disc and Vane Friction in Turbines.—Specific Heat of Superheated Steam.—Strength 
of Rotating Discs.— Governing Steam Turbines.—Steam Consumption of Turbines.—The 
Whirling of Shafts.—Speed of Turbines.—InpDEx. 

““One of the latest text-books . . . alsooneofthe best . . . there is absolutely 
no padding.” —Siv William White in the Tzmzes Engineering Supplement. 


In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net. 


LECTURES ON THE MARINE STEAM TURBINE. 


By Pror. J. HARVARD BILES, M.Inst.N.A., 
Professor of Naval Architecture in the University of Glasgow. 


‘*This is the best popular work on the marine steam turbine which has yet appeared.”— 
Steamship. 


Works by BRYAN DONKIN, M_Inst.C.E., M.Inst.Meeh.E., &e. 


FourTH EnpiTION, Revised and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net. 


A TEXT-BOOK ON 


GAS, OIL, AND AIR ENGINES. 


By BRYAN DONKIN, M.Iwnst.C.E., M.Inst.MeEcu.E. 
“The best book now published on Gas, Oil, and Air Engines.” —Lzgineer. 


In Quarto, Handsome Cloth. With Numerous Plates. 25s. 


THE HEAT EFFICIENCY OF STEAM BOILERS 


(LAND, MARINE, AND LOCOMOTIVE). 
By BRYAN DONKIN, M.Inst.C.E. 


GENERAL Conrents.—Classification of Different Types of Boilers.—425 Experiments on 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.—Fire 
Grates of Various Types.—Mechanical Stokers.—Combustion of Fuel in Boilers.—Trans- 
mission of Heat through Boiler Plates, and their Temperature.—Feed Water Heaters, 
Superheaters, Feed Pumps, &c.—Smoke and its Prevention.--Instruments used in Testing 
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.—Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers.—Appendices.—Bibliography.—-InpEx. 

* Probably the MOST EXHAUSTIVE vesumé that has ever been collected. A PRACTICAL 


Book by a thoroughly practical man.”—J?ron and Coal Trades Review, 


In Large Crown 8vo. Cloth. Fully Illustrated. 5s. net. 


SUCTION GAS PLANTS. 


By Pror. C. A. SMITH, of the East London Technical College. 


CoNTENTS.—Introduction.—Details of Construction.—Fuel and Testing.—Application 
and Uses of Suction Plants.—Working the Plant.—Typical Plants.—Plants for Special 
Purposes.—Total H.P.—Effiuent.—Cost of Gas Production.—The Gas Engine.—Biblio- 
graphy.—Calorific- Value of Coal Gas.—Of Solid Fuels.—Gas Analysis.—Destruction of 
Tar in the Producer.—Detection of CO in Exhaust.—Capital Cost.—INDEX. 
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Fourth Epirion, Revised. Pocket-Size, Leather, 12s. 6d. 


BOILERS, MARINE AND LAND: 
THEIR CONSTRUCTION AND STRENGTH. 


A HanpsBook oF Rugs, FoRMULA, TABLES, &0,, RELATIVE TO MATERIALS, 
SCANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS, 
Firrines AND Mountinas, &o. 


FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS, 
AND STEAM USERS. 


Bye l aoWrert WA Llik.® M: Inst! 0; BE. FR. BoRAN 


Late Engineer Surveyor-in-Chief to the Board of Trade. 
“Contains an ENORMOUS QUANTITY OF INFORMATION arrranged in a very convenient form. . . 
A MOST USEFUL VOLUME . . . supplying information to be had nowhere else.”—The Engineer. 


SixtH Epirion, Revised. Large Crown 8vo. With numerous 
Illustrations. 6s. net. 


ENGINE=~ROOM PRACTICE : 


A Handbook for Engineers and Officers in the Royal Navy and Mercantile 
Marine, including the Management of the Main and Auxiliary 
Engines on Board Ship. 


By JOHN G. LIVERSIDGE, R.N., A.M.I.C.E. 


Conients.—General Description of Marine Machinery.—The Conditions of Service and 
Duties of Engineers of the Royal Navy.—Entry and Conditions of Service of Engineers of 
the Leading 8.S. Companies.—Raising Steam —Duties of a Steaming Watch on Engines 
and Boilers.—Shutting off Steam.—Harbour Duties and Watches.—Adjustments and 
Repairs of Engines.—Preservation and Repairs of ‘‘Tank’’ Boilers.—The Hul! «nd its 
Fittings.—OCleaning and Painting Machinery.—Reciprocating Pumps, Feed Heaters, and 
Automatic Feed- Water Regulators. — Evaporators. — Steam Boats.— Electric Light 
Machinery.—Hydraulic Machinery,—Air-Compressing Pumps.—Refrigerating Machines. 
—Machinery of Destroyers.—The Management of Water-Tube Boilers.— Regulations for 
Entry of Assistant Engineers, R.N.—Questions given in Examinations for Promotion of 
“ngineers R.N.—Regulations respecting Board of Trade Examinations for Engineers, &c 

‘This VERY USEFUL BOOK. . . . [{LLUSTRATIONS are of GREAT IMPORTANCE in a work 
of this kind, and it is satisfactory to find that sPECIAL ATTENTION has been given in this 
respect.” — Angineers’ Gazette. 


FirrH Epirion, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price 10s. 6d. 


VALVES AND VALVE~GEARING: 


A Practical Text-book for the use of Engineers, Draughtsmen, and Students. 
By CHARLES HURST, Practica, DRAUGHTSMAN. 


Part I.—Steam Engine Valves. } PART JII.—Air Compressor Valves and 
PART Ii.—Gas Engine Valves and Gearing. 
Gears. PART IV.—Pump Valves. 

““Ma. Hurst’s VALVES and VALVE-GEARING will prove a very valuable aid, and tend to the 
production of Engines of scIENTIFIC DESIGN and ECONOMICAL WORKING. . . . Will be largely 
sought after by Students and Designers.”—Marine Engineer. 
ams ‘*As a practical treatise on the subject. the book stands without a rival.”— Mechanicai 

orld, 


Hints on Steam Engine Design and Construction. By CHARLES 
Horst, ‘‘Author of Valves and Valve Gearing.” SrconD EDpITiIon, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
ls. 6d. net. 

ContrenTs.—I. Steam Pipes.—II. Valves.—1II. Cylinders.—IV. Air Pumps and Con- 
densers.— V. Motion Work.—VI. Crank Shafts and Pedestals.—VII. Valve Gear. —- VIII. 
Lubrication.—IX. Miscellaneous Detai!s —InpEx. 

‘A handy volume which every practical young engineer should possess."—The Mode! 

Engineer. 
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Turrp Epirion, Revised. With numerous Plates reduced trom 
Working Drawings and Illustrations in the Text. 21s. 


A MANUAL OF 


LOCOMOTIVE ENGINEERING: 


A Practical Text-Book for the Use of Engine Builders, 
Designers and Draughtsmen, Railway 
Engineers, and Students. 


By WILLIAM FRANK PETTIGREW, M.Inst.C.E. 


Contents, — Historical Introduction, 1763-1863, Modern Locomotives: Simple, — 
Modern Locomotives: Compound.- Primary Consideration in Locomotive Design. — 
Cylinders, Steam Ohests, and Stuffing Boxes.—Pistons, Piston Rods, Crossheads, and 
Slide Bars,—Oonnecting and Coupling Rods.—Wheels and Axles, Axle Boxes, Hornblocks. 
and Bearing Springs.—Balancing,—Valve Gear,—Slide Valves and Valve Gear Details,— 
Framing, Bogies and Axle Trucks, Radial Axle Boxes,—Boilers.—Smokebox, Blast Pipe 
Firebox Fittings.—Boiler Mountings.—Tenders.- Railway Brakes,— Lubrication.— Con- 
sumption of Fuel, Evaporation and Engine kfficiency.—Repairs, Running, Inspection, 
and Renewals.—Three Appendices —Index. 


‘*The work CONTAINS ALL THAT CAN BE LEARNT from a book upon such a subject. : it 
will at once rank as THE STANDARD WORK UPON THIS IMPORTANT SUBJECT,” —Ratlway Magazine. 


In Large 8vo. Fully Illustrated. 8s. 6d. net. 


LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 
BY od ie AGA RN Ae | 


CONTENTS.—Introductory.—Compounding and Superheating for Locomotives.—A 
Classification of Compound Systems for Locomotives.—The History and Development of 
the Compound Locomotive. —Two-Cylinder Non-Automatic Systems. —'Two-Cylinder 
Automatic Systems.—Other Two-Cylinder Systems.—Three-Cylinder Systems.—Four- 
Cylinder Tandem Systems.—Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.—Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.—Triple-Expansion Locomotives.—Compound Rack 
Locomotives.—Concluding Remarks Concerning Compound Locomotives.—The Use of 
Superheated Steam for Locomotives.—INDEX. 


‘‘A welcome addition to the library of the railway engineer.” — Engineering Times. 


In Large 8vo. Handsome Cloth. With Plates and Illustrations. 16s. 


LiGH Tv RAILWAYS 
AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Insv.0.E., 


Late Deputy-Manager, North-Western Railway, India, 
‘“* Will remain, for some time yet a SranpARD Work in everything relating to Light 
Railways.”—Hngineer. 


“The whole subject is EXHAUSTIVELY and PRACTICALLY considered. The work can be 
cordially recommended as INDISPENSABLE to those whose duty it is to become acquainted 
with one of the prime necessities of the immediate future.”"—Railway Oficial Gazette. 


In Demy 8vo. Handsome Cloth. Profusely Illustrated. 


CARBURETTORS, VAPORISERS, AND VALVES. 
By EDWARD BUTLER, M.I.Mech.E. 
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s, net. 


PRACTICAL CALCULATIONS FOR ENGINEERS. 


By CHARLES E. LARARD, 


A.M. Inst.C.E., M.I.Mech.E., Wh.Exh., 
Head of the Mechanical Engineering Department at the Northampton Institute, London, B.C. 


Anp Hs A. GOLDING, A.M.I.Mech.E; 


CONTENTS.—SECTION I.—Contracted Methods of Calculation.—Technical Mensura- 
tion.—Practical Calculation by Logarithms.—The Slide Rule and its Applications.— 
Squared Paper and its Uses. SECTION II.—Pulleys and Wheels in Train.—Speed Ratios 
and Practical Examples.—Principle of Moments Applied to Practical Problems.—Work 
and Power.—Energy and Speed Fluctuations.—Transmission of Work through Machines. 
—Friction and Efficiency.—Trausmission of Power.—Shafting.—Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Skorron ITI. —Tem perature Scales.—Units 
of Heat.—Specific Heat.—Heat and Work.—Heat Value of Fuels.—Heat Losses in Engine 
and Boiler Plant.—Properties of Steam.—Moisture and Dryness Fraction.—Steam and 
Fuel Calculations.—Boiler Efficiency.—Size of Boiler.—Engine Calculations.—Power, 
Indicated and Brake.—Calculations for Dimensions.—Steam Consumption and Willans 
Law.—Efficiencies, Comparative Costs of Power Production.—Commercial Efficiency. 
SECTION IV.—The Commercial side of Engineering.—Calculation of Weights.—Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.—Estimates.— 
Profit.—Use of Squared Paper in the Estimating Department and to the General 
Management. 

‘* Exactly what it should be in order to make it useful to students and practitioners of 
. engineering.”—Manchester Guardian. 


SIXTH EDITION. Folio, strongly half-bound, 2's. 


TRAVERSE TABLES: 


Computed to Four Places of Decimals for every Minute of Angle 
up to 100 of Distance. 


For the Use of Surveyors and Engineers. 


BY te POCHaAR De DROW DG UR-D EN: 


Authorised Surveyor for the Governments of New South Wales ano Victoria. 


*." Published with the Concurrence of the Surveyors-General for New South 
Wales and Victoria. 


‘Those who have experience in exact SURVEY-wORK will best know how to appreciate 
the enormous amount of labour represented by this valuable book. Every Surveyor in 
active practice has felt the want of suct assistance FEW KNOWING OF THEIR (the ‘Tables) 
PUBLICATION WILL REMAIN WITHOUT THEM.’ —/neineer. 


Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 


BONUS TABLES: 


For Caleulating Wages on the Bonus or Premium Systems. 
For Engineering, Technical and Allied Trades. 
By HENRY A. GOLDING, A.M.I.Mecu.E., 


‘‘Cannot fail to prove practically serviceable to those for whom they a been 
designed.”—Scotsman. 


Ss ese ohne aaa COMPUTERS. 
By H. A. GOLDING, A.M.I.Mucn.E., A.M.I.A.E. 


For Steam, Gas, and Oil Engines. Complete with Explanatory 
Pamphlet. In Box. 5s. net. 


For Petrol Motors. Complete with Explanatory Pamphlet. In 
Envelope. 6d. net. 


Detailed Prospectus on Applreation, 
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Seconp Epition. Large 8vo, Handsome Cloth. With 
Illustrations, Tables, &c. 21s. net. 


Lubrication & Lubricants: 


A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 


BY ; AND 
LEONARD ARCHBUTT, F.I.C., F.C.S., R. M. DEELEY, M.I.Mech.E., F.G.S. 
Chemist to the Mid. Ry. Co. Chief Loco. Super., Mid. Ry. Co. 


ContTENTS.—I. Friction of Solids.—II. Liquid Friction or Viscosity, and Plastic 
Friction.—III. Superficial Tension.—IV. The Theory of Lubrication.—V. Lubricants, 
their Sources, Preparation, and Properties.—VI. Physical Properties and Methods of 
Examination of Lubricants.—VII. Chemical Properties and Methods of Examination 
of Lubricants.—VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.—IX. The Mechanical Testing of Lubricants.—X. The Design and Lubrication 
of Bearings.—XI. The Lubrication of Machinery.—INDEX. 

“Contains practically ALL. THAT IS KNOWN on the subject. Deserves the careful 
attention of all Engineers.” —Ratlway Oficial Gazette. 


FourtH Eprtion. Very fully Illustrated. Cloth, 4s. 6d. 


STH AM: BO TICE Bes: 


THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION. 
By R. D MUNRO, 
Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company , 


‘* A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and ALWAYS AT HAND.”—Coll. Guardian. 


By THE SAME AUTHOR, 


KITCHEN BOILER, EXPLOSIONS: Why 


they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 


ln Crown 8vo, Cloth. Fully lilustrated. 55. net. 


EMERY GRINDING MACHINERY, 


A Text-Book of Workshop Practice in General Tool Grinding, and the 
Design, Construction, and Application of the Machines Employed. 


By R. B. HODGSON, A.M.Inst.MeEcu.E. 


‘‘Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal.” —Chem. Trade Journal. 


Firth Epirion. In Two Parts, Published Separately. 
A TEXT-BOOK OF 


Engineering Drawing and Design. 


By SIDNEY H. WELLS, Ws.Sc., A.M.1.C.E., A.M.I.Mercu.F. 


Vou. I.—PRAcTICAL GEOMETRY, PLANE, AND Soup. 4s. 6d. 

Voi. [1.—MacuineE AnD ENGINE DRAWING AND Desien. 4s. 6d. 

With many Illustrations, specially prenared for the Work, and numerous 
Huampies, for the Use of Students in Technical Schools and Colleges. 


“A CAPITAL TEXT-BOOK, arranged on an EXCELLENT SYSTEM, calculated to give an intelligent 
preeh of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
red to make COMPLETE WORKING-DRAWINGS, discussing fully each step in the design.”—Hlectrical 

eview 
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IN THREE Parts. Crown 8v0, Handsome Cloth. Very Fully Illustrated. 


ook CAR MECHANISM AND MANAGEMENT. 
By W. POYNTER ADAMS, M.Inst.E.E. 


PART 1.—THE PETROL CAR. ss. net. 


Szconp Epirion. With important new Appendix, illustrating and defining parts 
of actual cars in use. 


Contents.—Secrion I.—TuHE MECHANISM oF THE PeTrRoL Car.—The Engine. 
The Engine Accessories.—Electrical Ignition and Accessories. —Multiple Cylinder ectnak: 
—The Petrol.—The Chassis and Driving Gear.—SkgcTion II].—THe MANAGEMENT OF THE 
Perrot Car.—The Engine.—The Engine Accessories.—Electrical Ignition. —The Chassis 
and Driving Gear.—General Management.—AprrENDIxX.—GLOSSARY.—INDEX. 

‘*Should be carefully studied by those who have anything to do with motors.”—A z/o- 
mobile and Carriage Builders’ Journal. 


PART II.—ELECTRICAL AND PETROL ELECTRICAL 
MOTOR CARS. 
Pp. i.-x. + 202. With 50 Illustrations. 5s. net. 


In Large 8vo. Handsome Cloth. Very Fully Illustrated. 18s. net 
A MANUAL OF 


PETROL MOTORS AND MOTOR-CARS. 


Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 


GENERAL CONTENTS.—PAR? I.: ENGINES.—Historical.—Power Required.—General 
Arrangement of Engines.— Ignition. —Carburettors.—Cylinders, Pistons, Valves, &c.— 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, &c. — Pumps. — Flywheels. — 
Pipe Arrangements.—Silencers.—Engine Control, Balancing.—Motor Cycle Engines.— 
Marine Motors.—'T'wo-Cycle Motors.—Paraftin Carburettors.—Gas Producers PART 
II.: CARS.—General Arrangements. — Clutches. — Transmission. — Differential Gears. — 
Universal Joints.—Axles. — Springs. — Radius Rods. -— Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, &c.— Lubrication. — Ball 
Bearings. —Bodies.—F actors of Safety.—Calculations of Stresses.—Special Change Speed 
Gears.—Special Cars.—Commercial Vehicles.—Raciug Cars.—INDEX. 

“Thoroughly practical and scientific. . . . We have pleasure in recommending it to all.” 
— Mechanical Engineer. 


In Medium 8vo. Handsome Cloth. Fully Illustrated. lds. net. 


OIL MOTORS. 


Their Development, Construction, and Management. 
By G. LIECKFELD. (Authorised English Edition). 


CoNTENTS.—Liquid Fuels for Power Production.—Development of the Petrol and 
Paraffin Motors.—Working of the Later Paraffin and Petrol Engines.—Ignition Devices. 
—Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines. ~— Automobiles. 
—Ship, Boat, and Air-ship Engines. —Vehicles, &e., Driven by Internal Combustion 
Engines. —Erection and Attendance of Engines Driven with Liquid Fuel.—Correcting 
Irregularities in Kunning. 


In Crown 8vo, Handsome Cloth. With 105 Illustrations. 5s. net. 


MECHANICAL ENGINEERING 


FOR BEGINNERS. 
By R. 8S. M‘LAREN. 


CONTENTS.—Materials.—Bolts and Nuts, Studs, Set Screws.—Boilers.—Steam Raising 
Accessories.—Steam Pipes and Valves. —The Steam Engine.—Power Transmission.— 
Condensing Plant.—The Steam Turbine.—Electricity. —Hydr aulic Machinery.—Gas and 
Oil Engines. —Strength of Beams, and Useful Information.—INDEX. 

ee The best of its kind we have seen, and should be in the hands of every apprentice.” 
—Steamship. 
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WORKS BY 
ANDREW JAMIESON, M.Inst.C.E., M.LE.E, F.R.S.E,, 


Formerly Professor of Electrical Engineering, The Glas. and W. of Scot. Tech. Coll. 


PROFESSOR JAMIESON’S ADVANCED TEXT-BOOKS. 
In Large Crown 8vo. Fully Illustrated. 


STEAM AND STEAM-ENGINES, INCLUDING TURBINES 
AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams. 
on Theory of Heat Engines. StXTEENTH EDITION, Revised. Ios. 6d. 

““The Bgst Boox yet published for the use of Students.”—Zgineer. 


APPLIED MECHANICS & MECHANICAL ENGINEERING. 
Including All the Inst. C.E. Exams. in (1) Applied Mechanics ; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures ; 
(ii) Theory of Machines; Hydraulics. Also B. of E ; C.and G. Questions. 
Vol. I1.—Comprising 568 pages, 300 Illustrations, and Questions : 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c.; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. SIXTH EDITION. 8s. 6d. 
‘*FuLLY MAINTAINS the reputation of the Author.”—Pyvact. Engineer. 


Vol. I1.—Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations; Motion and Energy, Theory of Structures or Graphic Statics 5 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. FIFTH EDITION. 12s. 6d. 


‘*WeLL AND LUCIDLY WRITTEN.”—The Engineer. 
*.* Bach of the above volumes is complete in ttself, and sold separately. 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS 


Crown 8v0. With Illustrations and Examination Papers. 


STEAM AND THE STEAM-ENGINE (Elementary 


Manual of), For First-Year Students, forming an Introduction to the 
Author’s larger Work. TWELFTH EDITION, Revised and Enlarged. 3/6 
‘* Should be in the hands of EVERY engineering apprentice.’—Pvactical Engineer. 


MAGNETISM AND ELECTRICITY (Practical Elementary 
Manual of). For First-Year Students. With Stud. Inst.C.E. and B. of E. 


Exam. Questions. SEVENTH EDITION, Revised and Enlarged. 3/6. 
‘* A THOROUGHLY TRUSTWORTHY Text-book. PracTIcAL and clear.”—WNature. 


APPLIED MECHANICS (Elementary Manual of). 
For First-Year Students. With B. of E.,C.and G.; and Stud. Inst. C.E. 


Questions. EIGHTH EDITION, Revised and Greatly Enlarged. 3/6. 


"The work has VERY HIGH QUALITIES, which may be condensed into the one word 
“CLEAR.” ”"—Science and Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES 


For the Use of Electricians and Engineers. By JOHN Munro, C.E., 
and Prof. JAMIESON... Pocket Size. Leather, 8s, 6d. NINETEENTH 
EDITION. [See p. 47. 
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WORKS BY W. J. MACQUORN RANKINE, LL.D., FR.S. 


Thoroughly Revised by W. J. MILLAR, C.E. 


A MANUAL OF APPLIED MECHANICS: Comprising the 
Principles of Statics and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo, 
Cloth. SEVENTEENTH EDITION. 12s, 6d, 


A MANUAL OF CIVIL ENGINEERING: Comprising Engin- 
eering Surveys, Karthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c, 
With Numerots Tables and Illustrations. Crown 8vo, Cloth, 
TWENTY-THIRD EpitTton. 16s. 


A MANUAL OF MACHINERY AND MILLWORK: Com- 
prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 300 Illustrations. Crown 
8vo, Cloth. SrvENtTH EpiTion. 12s. 6d. 


A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS. With a Section on Gas, Ort, and AIR 
ENGINES, by Bryan Donkin, M.Inst.C.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. SEVENTEENTH 
Epirion. 12s. 6d. 


USEFUL RULES AND TABLES: For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, surveyors, &. With 
APPENDIX for the use of ELecrricAL ENGINEERS. By Professor 
JAMIESON, M.Inst.C.E., M.[.EK.E. Ssvents Eprrion. 10s. 6d. 


A MECHANICAL TEXT-BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor RANKINE 
and EK. F. Bamper, C.E. With Numerous Illustrations. Crown 
8vo, Cloth. FirraH Epitron. Qs. 


* * The ‘‘MwcHANICAL TExT-BookK" was designed by Professor RANKINE as an INTRO- 
DUCTION fo the «above Series of Manuals. 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 


ture, Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part IJ. Energy and its Transformations. Part III. Wave-Forms, 
Propulsion of Vessels, &c. With Memoir by Professor Tarr, M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 3ls. 6d. 


“* No more enduring Memorial of Professor Rankine could be devised than the publica- 
tion of these papers in an accessible form. . . . The Collection is most valuable on 
account of the nature of his discoveries, and the beauty and completeness of his analysis.” 
—Architect. 
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Turrp Epition, Thoroughly Revised and Enlarged. With 60 Plates and 
Numerous Iilustrations. Handsome Cloth. 345. 


HYDRAULIC POWER 
HYDRAULIC MACHINERY. 


HENRY ROBINSON, M. Inst. C.E, E.G5., 


FELLOW OF KING’S COLLEGE, LONDON; PROF. EMERITUS OF CIVIL ENGINEERING, 
KING'S COLLEGE, ETC., ETC. 


ConTENTs —Discharge through Orifices.—Flow of Water through Pipes.—Accumulators. 
—Presses and Lifts. —Hoists. —Rams.—Hydraulic Engines.—Pumping Engines.—Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. —Cranes.—Coal Discharging Machines.— Drills and 
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels and Turbines.—Shields. — Various Systems and Power Installations — 
Meters, &c.— INDEX. 


‘The standard work on the application of water power.”—Cassier's Magazine. 


‘Second Hdition, Greatly Enlarged. With Frontispiece, several 
Plates, and over 250 Illustrations. 21s. net. 


THE PRINCIPLES AND CONSTRUCTION OF 


PUMPING MACHINERY 


(STEAM AND WATER PRESSURE). 


With Practical Illustrations of ENGINES and Pumps applied to MININa, 
Town WaTER Suppiy, Drainace of Lands, &c., also Economy 
and Efficiency Trials of Pumping Machinery. 


By HEN BY DAV EY, 


Member of the Institution of Civil Engineers, Member of the Institution of 
Mechanical Engineers, F.G.S., &. 

ContTENTS —Early History of Pumping Engines—Steam Pumping Engines - 
Pumps and Pump Valves—General Principles of N aaRotatien Paripitte 
Engines—The Cornish Engine, Simple and Compound—Types of Mining 
Engines—Pit Work—Shaft Sinking—Hydraulic Transmission of Power in 
Mines—Electric Transmission of Power—Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines —Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery—Centrifugal and other 
Low-Lift Pumps—Hydraulic Rams, Pumping Mains, &c.—InpEx. 

“By the ‘one English Engineer who probably knows more about Pumping Machinery 


than ANY OTHER. . . . A VOLUME RECORDING THE RESULTS OF LONG 
: EXPERIENCE 
stupy.”—TZhe Engineer. NCE AND 


In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 


SEA WATER DISTILLATION, 
By FRANK NORMANDY, of the Middle Temple, Barrister-at-Law. 


“~CONTENTS.—Distilling Machinery.—Sea Water.—Steam.—Multiple Distillation.— 
MATES A Rn eae Pac eia, Lamping aM abadnety send Memerah oa 
e Filter, Prevention of Corrosion and Decay of Metals, Removal Scale, Cleanin 
Overhauling, &c.—INDEX. hemes 
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NAVAL ARCHITECTURE, 37 


In Large 8vo. Handsome Cloth. Profusely Illustrated. In Two 
Votumes, Each Complete in itself, and Soup SEPARATELY. 


THE DESIGN 


AND 


CONSTRUCTION OF SHIPS. 


By JOHN HARVARD BILES, M.Insv.N.A., 


Professor of Naval Architecture in Glasgow University. 


Volume I.—CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrations. Complete in itself, with 
Index. 25s. net. 
CONTENTS.—PARY? I.—Areas, Volumes, and Centres of Gravity. PArt II.—Ship 
Calculations. PArtr IIT.—Strength of Ships. 

“No teacher of naval architecture nor scientifically-equipped student can afford to 
be without this volume . . . will doubtless remain the standard for many years ’— 
Times. 

Volume II., dealing with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 


BY PROFESSOR BILES. 
LECTURES ON THE MARINE STEAM TURBINE. 
With 137 Illustrations. Price 6s. net. 
See page 28. 


Royal 8v0, Handsome Cloth. With numerous /llustrations and Tables. 265s. 


THE STABILITY OF SHIPS. 


SIR EDWARD J. REED, KCB, F.RS. MP. 


KNIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF 
AUSTRIA ; MEDJIDIE OF TURKEY; AND RISING SUN OF JAPAN; VICB- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 


“‘ Sir EpwarRD REED’s ‘STABILITY OF SHIPS’ is INVALUABLE. The NAVAL ARCHITECT 
will find brought together and ready to his hand, a mass of information which he would other- 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere.”—Steamship. 


In Crown 8vo. Handsome Cloth. Fully [llustrated. 


HYDROGRAPHIC SURVEYING. 


For the Use of Beginners, Amateurs, and Port and 
Harbour Masters. 


By COMMANDER S. MESSUM, R.N., 


Instructor in Nautical Surveying, R.N. College, Greenwich. 


ConTENTS. —Sextant.— Protractor. Station Pointer. —Theodolite. —Projections.- 
Symbols and Abbreviations.—Plotting and Triangulation of a Small Plan.— Mast-head 
Angle Survey.—Meridian Distances.—APPENDIX.—INDEX. 
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38 CHARLES GRIFFIN & CO/8 PUBLICATIONS. 


WORKS BY THOMAS WALTON, 
NAVAL ARCHITECT. 


FourtuH EpiIrIon.’ Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 18s. net. 


STOR EGLO Symi Se 
THEIR CONSTRUCTION AND MAINTENANCE. 


A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 


By THOMAS WALTON, Nava. ArcuHITECcT, 


AUTHOR OF ‘‘KNOW YOUR OWN SHIP.” 


ContENnTSs.—I. Manufacture of Cast Iron, Wrought Iron, and Steel.—Com- 
osition of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Type of Vessel.—Framing 
of Ships. IV. Strains experienced by Ships.—Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships.—Alternative Modes 
of Construction.—Types of Vessels.—Turret, Self Trimming, and Trunk 
Steamers, &c.—Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance.—Prevention of Deterioration in the Hulls of 
Ships. Cement, Paint, &c. —INDEX. 
* So thorough and well written is every chapter in the book that it is diificult to select 
any of them as being worthy of exceptional pra se. Altogether, the work is excellent, and 
will prove of great value to those for whom it is intended.” —The Engineer. 


In Handsome Cloth. Very fully Illustrated. 7s. 6d. net. 


PRESENT=DAY SHIPBUILDING. 


For Shipyard Students, Ships’ Officers, and Engineers. 
By THOS. WALTON. 


GENERAL Contents. —Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction.—Details of Construction.—Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c.—Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— INDEX. 

‘“Simple language . . . clear and easily followed illustrations.” — Times 


Engineering Supplement. 
‘We heartily recommend it to all who have to do with ships.’ —Steamship. 


Ninty Epirion, Illustrated. Handsome Cloth, Crown 8vo. 7s. 6d. 
The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 


KNOW YOUR OWN SHIP. 


By THOMAS WALTON, Navat Arcuirtectr. 
Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

CONTENTS. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structure. — Stability. — Rolling. — Ballasting. — Loading.—Shifting Cargoes.—Effect of 
Admission of Water into Ship.—Trim Tonnage.—Freeboard (Load-line).—Calculations.— 
Set of Calculations from Actual Drawings.— INDEX. 


“The work is of the highest value, and all who go down to the sea in ships should make them- 
selves acquainted with it.”—Shipping World (on the new edition). 
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GRIFFIN’S NAUTICAL SERIES, | 


EpireEp By EDW. BLACKMORE, 
Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A. ; 


AND WRITTEN, MAINLY, by SAILORS for SAILORS. 
‘THIS ADMIRABLE SERIES.”—F airplay. ‘A VERY USEFUL SERIES.”—Nature. 


‘“RVERY SHIP should have the WHOLE SERIES as a REFERENCE LIBRARY. HAND- 
SOMELY BOUND, OLEARLY PRINTED and ILLUSTRATED.” —Liverpool Journ. of Commerce. 


The British Mereantile Marine: An Historical Sketch of its Rise 
and Development. By the EDITOR, CAPT. BLACKMORE. 33s. 6d. : 
‘Captain Blackmore s SPLENDID BOOK . . . contains paragraphs on every point 

of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU- 

ABLE to the sea captain that have EVER been COMPILED.”—Merchant Service Review. 


Elementary Seamanship. By D. Witson-BarKer, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, two in Colours, and Frontispiece. 
SIXTH EDITION, Thoroughly Revised. With additional Illustrations, &c. 6s. 
‘‘This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the ‘ Worcester,’ seems 
to us PERFECTLY DESIGNED.”—Athencewm. 


Know Your Own Ship: A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By THOS. WALTON, Naval Architect. 
NINTH EDITION. 7s. 6d. 

“MR. WALTON’S book will be found VERY USEFUL.” —The Engineer. 


Navigation : Theoretical and Practical. By D. Witson-BaRKER. 
and WILLIAM ALLINGHAM. SECOND EDITION, Revised. 3s. 6d. 
‘PRECISELY the kind of work required for the New Certificates of competency. 
Candidates will find it INVALUABLE.”—Dundee Advertiser. 


Marine Meteorology: For Officers of the Merchant Navy. By 
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and facsimile reproduction of log page. 7s. 6d. 
‘Quite the BEST PUBLICATION on this subject.”—Shipping Gazette. 


Latitude and Longitude: How to find them. By W. J. Mizar, 
C.E. SECOND EDITION, Revised. 2s. : _ 
‘Cannot but prove an acquisition to those studying Navigation.”—Marine Engineer 


Practical Mechanics: Applied to the requirements of the Sailor. 
By THOS. MACKENZIE, Master Mariner, F.R.A.S. THIRD EDITION, Revised. 38. 6d. 
‘“WELL WORTH the money. . . EXCEEDINGLY HELPFUL.”—Shipping World. 


Trigonometry : For the Young Sailor, &. By Rion. C. Buck, of the 


Thames Nautical Training College, H.M.S. ‘‘ Worcester.” THIRD EDITION, Revised. 
Price 3s. 6d. 


‘*This EMINENTLY PRACTICAL and reliable volume.”—Schoolmaster. 


Practical Algebra. By Ricu. C. Buck. Companion Volume to the 
above, for Sailors and others. SECOND EDITION, Revised. Price 3s. 6d. 
“‘It is JUST THE BOOK for the young sailor mindful of progress.” —Nautical Magazine. 


The Legal Duties of Shipmasters. By Benepicr Wm. GinsBuRe, 
M.A., LL.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. SECOND: 
EDITION, Thoroughly Revised and Enlarged. Price 4s. 6d. inks 
‘INVALUABLE to masters. . . . Wecan fully recommend it '—Shipping Gazette. 


A Medical and Surgical Help for Shipmasters. Including First 
Aid at Sea. By WM. JOHNSON SMITH, F.R.C.S., Principal Medical Officer, Seamen’s. 
Hospital, Greenwich. THIRD EDITION, Thoroughly Revised. 6s. 

‘SOUND, JUDICIOUS, REALLY HELPFUL.”—The Lancet. 
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40 CHARLES GRIFFIN & CO.”S PUBLICATIONS. 


GRIFFIN’S NAUTICAL SERIES. 


Introductory Volume. Price 8s. 6d. 
a Bk om tS I 


British Mercantile Marine. 


By EDWARD BLACKMORE, 


MASTER MARINER; ASSOCIATE OF THE INSTITUTION OF NAVAL ARCHITECTS; 
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND ; EDITOR OF GRIFFIN’S ‘‘NAUTICAL SERIES.” 


GENERAL CONTENTS.—HIsToricaL: From Early Times to 1486—Prugress 
ander Henry VIII.—To Death of Mary—During Elizabeth’s Reign—Up to 
the Reign of William III.—The 18th and 19th Centuries—Institution of 
Examinations — Rise and Progress of Steam Propuision — Development of 
Free Trade—Shipping Legislation, 1862 to 1875—‘‘ Locksley Hall” Case — 
Shipmasters’ Societies—Loading of Ships—Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. THrk PERSONNEL: Shipowners—Officers—Mariners— 
Duties and Present Position. Epucation: A Seaman’s Education: what it 
should be—Present Means of Education—Hints. DiscipLinzE anD Duty— 
Postscript—The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

‘‘ [INTERESTING and INSTRUCTIVE . . . may be read WITH PROFIT and ENJOYMENT.’— 
Glasgow Herald, 

‘“ EVERY BRANCH of the subject is dealt with in a way which shows that the writer 
“knows the ropes’ familiarly,” —Scotsman. 

‘This ADMIRABLE book . . . TEEMS with useful information—Should be in the 
manda of every Sailor.” — Western Morning Neus. 


StxtH Epition, Thoroughly Revised. With Additional 
Illustrations and a new Chapter on Clouds. 


A MANUAL OF 


ELEMENTARY SEAMANSHIP. 


Y 


D, WILSON-BARKER, Master MARINER; F.R.S.E., F.R.G.S., &0., &o. 
YOUNGER BROTHER OF THE TRINITY HOUSE. 


With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 
in the Text. 


(ZENERAL ContENTS.—The Building of a Ship; Parts of Hull, Masts. 
&c.-—Ropes, Knots, Splicing, &c.— Gear, Lead and Log, &c. — Rigging, 
Anchors — Sailmaking— The Sails, &c.— Handling of Boats under Sai) — 
Signals and Signalling—Rule of the Road—Keeping and Relieving Watch— 
Points of Etiquette—Glossary of Sea Terms and Phrases—Index. 


*,* The volume contains the NEW RULES OF THE ROAD. 


“This ADMIRAPLE MANUAL, by Oapt. WILSON-BARKER of the ‘ Worcester,’ seems to us 
PERFECTLY DESIGNED. and holds its place excellently in ‘Grirrin’s NAUTICAL SERIES.’ . ._ . 
Although intended for those who are to become Officers of the Merchant Navy, it will be 
found useful by ALL YACHTSMEN.”—Athenzum., 


*,* For complete List of Grirrin’s NauticaL SErigs, see p. 39, 
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GRIFFIN’S NAUTICAL SERIES. 


Srconp Eprrion, Revised and Illustrated. Price 8s. 6d. 


INAS VA Gr Ae he ab ©) IN 2 


PRACTICAL AND THEORETICAL. 
By DAVID WILSON-BARKER, RB.N.R., F.R.S.E., &c., &c., 


AND 


WILLIAM ALLINGHAM, 


FIRST-OLASS HONOURS, NAVIGATION, SCIENCE AND ART DEPARTMENT. 


With Humerous Fllustrations and Examination Questions, 


GENERAL ConTENTS.—Definitions—Latitude and Longitude—Instruments 
of Navigation—Correction of Courses—Plane Sailing—Traverse Sailing—Day’s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator’s Chart 
Mercator Sailing—Current Sailing—Position by Bearings—Great Circle Sailing 
m ae gS a ea Compass Error—Numerous Useful Hints 
&&c.—Index. 


‘““ PRECISELY the kind of work required for the New Certificates of competency in grades 


from Second Mate to extra Master. . . . Candidates will find it invaLUABLE.’”’— Dundee 
Advertiser. 
‘*A QAPITAL LITTLE BOOK .. . specially adapted to the New Examinations. The 


Authors are Capt. WILSON-BARKER (Captain-Superintendent of the Nautical College, H.M.&. 
‘Worcester, who has had great experience in the highest problems of Navigation), snd 
‘Mz. ALLINGHAM, a well-known writer on the Science of Navigation and Nautical Astronomy ” 
—Shipping World. © 


Handsome Cloth. Fully Illustrated. Price 7s. 6d. 


MARINE METEOROLOGY, 


FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 


Joint Author of ‘‘ Navigation, Theoretical and Practical.” 


With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book, 


SUMMARY OF CONTENTS. 


INTRODUCTORY.—Instruments Used at Sea for Meteorological Purposes.—Meteoro- 
logical Log-Books.—Atmospheric Pressure.—Air Temperatures.—Sea Temperatures. — 
Winds.—Wind Force Scales.—History of the Law of Storms.—Hurricanes, Seasons, anid 
Storm Tracks.—Solution of the Cyclone Problem.—Ocean Currents.—Icebergs.—Syn. 
chronous Charts.—Dew, Mists, Fogs, and Haze.—Clouds.—Rain, Snow, and Hail.— 
Mirage, Rainbows, Coronas, Halos, and Meteors.—Lightning, Corposants, and Auroras. -- 
QUESTIONS.—APPENDIX.—INDEX. 


“Quite the BEST publication, AND certainly the MOST INTERESTING, on this subject eves 
presented to Nautical men.”—Shipping Gazette. 


*,* For Complete List of Grirrin’s NavuTIcAL SERIES, see p. 39. 
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42 CHARLES GRIFFIN & 00.S PUBLICATIONS. 
GRIFFIN’S NAUTICAL SERIES. 


Turrp Epition, REvIsED. With Numerous Illustrations. Price 3s. 6d. 


PRACTICAL MECHANICS: 


Applied to the Requirements of the Sailor. 
By THOS. MACKENZIE, Master Mariner, F.R.AS. 


GENERAL ConTENTS.—Resolution and Composition of Forces—Work done 
by Machines and Living Agents—The Mechanical Powers: The Lever; 
Derricks as Bent Levers—The Wheel and Axle: Windlass ; Ship’s Capstan ; 
Crab Winch—Tackles: the ‘*Old Man”—The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears---Calculation of the- 
Cross-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatics : 
the Diving-bell; Stability of Floating Bodies ; the Ship’s Pump, &c. 

‘* WELL WORTH the money . . . will be found EXCEEDINGLY HELPFUL.” — 
shipping World. 

‘“*No SHrpes’ OFFICERS’ BOOKCASE will henceforth be complete without. 
CAPTAIN MACKENZIE’s ‘PRAcTICAL MrcHAntIcs.’ Notwithstanding my many 
years’ experience at sea, it has told me how much more there is to acquire.” — 
(Letter to the Publishers from a Master Mariner). 


WORKS BY RICHARD C. BUCK, 


of the Thames Nautical Training College, H.M.S. ‘ Worcester.’ 


A MANUAL OF TRIGONOMETRY: 
With Diagrams, Examples, and Exercises. Price 8s. 6d. 


Tuirp Epition, Revised and Corrected. 


*." Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view 
to the Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 


“This EMINENTLY PRACTICAL and RELIABLE VOLUME.’’—Schoolmaster, 


A MANUAL OF ALGEBRA. 


Designed to meet the Requirements of Sailors and others. 
SEconD Epition, Revised. Price 3s. 6d. 


*,* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for ‘‘sELF 
agp.” All but the simplest explanations have, therefore, been avoided, and aNswERs te 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It tr 
hoped that to the younger Officers of our Mercantile Marine they will be found decided!y 
serviceable, The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the ‘‘ Worcester.” 

‘“‘Olearly arranged, and well got up. . . . A first-rate Elementary Algebra.” — 
Vautical Magazine. 


Seconp EpiTIon, Revised. With Diagrams. Price 2s, 


LATITUDE AND LONGITUDE: How to Find them. 


By W. J. MILLAR, GE, 


Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland. 


‘* CONCISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition. 
° se s »” . . 
to those atudying Navigation.” — Marine Engineer. 
‘** Young Seamen will find it HANDY and USEFUL, SIMPLE and CLEAR.”’—The- 
Hngtneer. 
*.*For complete List of Grirrin’s NAUTICAL SERIES. see p, 39. 
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GRIFFIN’S NAUTICAL SERIES. 


SEcoND Eprrion, Revised and Extendest. In Crown 8vo. Price 4s. 6d. 


THE LEGAL DUTIES OF SHIPMASTERS. 


By BENEDICT WM. GINSBURG, M.A., LL.D. (Canras.). 
Of the Inner Temple and Northern Circuit; Barrister-at-Law. 


General Contents.—The Qualification for the Position of Shipmaster—The Con- 
‘tract with the Shipowner—The Master’s Duty in respect of the Crew: Engagement ; 
st ean: Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge—The Master’s Duty in respect of the Passengers—The Master's 
Financial Responsibilities—The Master’s Duty in respect of the Cargo—The Master's 
Duty in Case of Casualty—The Master's Duty to certain Public Authorities—The 
Master’s Duty in relation to Pilots, Signals, Flags, and Light Dues—The Master’s Duty 
upon Arrival at the Port of Discharge—Appendices relative to certain Legal Matters: 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.—Copious Index. 


‘*No intelligent Master should fail to add this to his list of necessary books, A few |ne: 
of it may SAVE A LAWYER’S FEE, BESIDES ENDLESS WORRY.” —Liverpool Journal of Commerve. 


FIRST AID AT SEA. 


Turrp Epirion, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 
DY, ow Mee ORNS ONS SM EPH ER.O.S., 


Principal Medical Officer, Seamen’s Hospital, Greenwich. 


*,* The attention of all interested in our Merchant Navy is requested to this exceedinyl» 
useful and valuable work, It is needless to say that it is the outcome of many years 
PRACTICAL EXPERIENCE amongst Seamen. 

“SOUND, JUDICIOUS, REALLY HELPFUL.”——The Lancet. 


Nints Epirion. Revised, with Chapters on Trim, Buoyancy, and Calcula- 
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d. 


KNOW YOUR OWN SHIP. 
By THOMAS WALTON, Navat ARcHITECT. 


Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others. 


This work explains, in a simple manner, such important subjects as:—Displacement.— 
Deadweight.—Tonnage.—Freeboard. — Moments. — Buoyancy.—Strain.—Structure.—Stab- 
ee a eee ae Cargoes.— Admission of Water.—Sail 

rea.—&c. 
**The little book will be found EXCEEDINGLY HANDY by most officers and officials connected 
with shipping. . . . Mr. Walton’s work will obtain LASTING SUCCESS, because of its unique 
fitness for those for whom it has been written.”—Shipping World. 


BY THE SAME AUTHOR. 


STEEL SHIPS: Their Construction and Maintenance. 
(See page 38.) 
*,” For Complete List of GrirFin’s NAUTICAL SERIES, see p. 39. 
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GRIFFIN’S NAUTICAL SERIES. 


Turrp Epition, REVISED. With Numerous Illustrations. Price 3s. 6d. 


PRACTICAL MECHANICS: 


Applied to the Requirements of the Sailor. 
By THOS. MACKENZIE, Waster Mariner, F.R.A.S. 


GENERAL ConTENTS.—Resolution and Composition of Forces—Work done 
by Machines and Living Agents—The Mechanical Powers: The Lever; 
Derricks as Bent Levers—The Wheel and Axle: Windlass ; Ship’s Capstan ; 
Crab Winch—Tackles: the ‘*Old Man”—The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir—Derricks and Shears---Calculation of the: 
Cross-breaking Strain of Fir Spar—Centre of Effort of Sails—Hydrostatics : 
the Diving-bell; Stability of Floating Bodies ; the Ship’s Pump, &c. 

‘* WELL WoRTH the money . . . will be found EXCEEDINGLY HELPFUL.”— 
shipping World. 

‘* No SuHips’ OFFICERS’ BOOKCASE will henceforth be complete without. 
CAPTAIN MACKENzIz’s ‘ PractTicat MecuHanics.’ Notwithstanding my many: 
years’ experience at sea, it has told me how much more there is to acquire.” — 
{Letter to the Publishers from a Master Mariner). 


WORKS BY RICHARD C. BUCK, 


of the Thames Nautical Training College, H.M.S. ‘ Worcester.’ 


A MANUAL OF TRIGONOMETRY: 
With Diagrams, Examples, and Exercises. Price 8s. 6d. 


TuirD Epition, Revised and Corrected. 


*," Mr. Buck’s Text-Book has been SPECIALLY PREPARED with a view 
1o the Examinations of the Board of Trade, in which Trigonometry 


is an obligatory subject. 
“This EMINENTLY PRACTICAL and RELIABLE VOLUME.’’—Schoolmaster, 


A MANUAL OF ALGEBRA. 


Designed to meet the Requirements of Sailors and others. 
SEconp Epitron, Revised. Price 3s. 6d. 


*,* These elementary works on ALGEBRA and TRIGONOMETRY are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for ‘‘sELF 
AELP.” All but the simplest explanations have, therefore, been avoided, and aNSWERS te 
the Exercises are given. Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It ts 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the ‘‘ Worcester.” 

“Clearly arranged, and well got up. . . . A first-rate Elementary Algebra.” — 
Vautical Magazine. 


SeconD EpiTIon, Revised. With Diagrams. Price 2s, 


LATITUDE AND LONGITUDE: How to Find them. 


By W. J. MILLAR, GE, 


Late Secretary to the Inst. of Engineers and Shipbuilders in Scotland. 


‘* CONCISELY and CLEARLY WRITTEN . . . cannot but prove an acquisition. 
to those studying Navigation.”—Marine Engineer. 
** Young Seamen will find it HANDY and USEFUL, SIMPLE and OLEAR.”—The- 
Kngtneer. 
*.* For complete List of GrirFin’s NAUTICAL SERIRS. see p. 39. 
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GRIFFIN’S NAUTICAL SERIES. 


SEconp Eprrion, Revised and Extendes’ In Crown 8vo. Price 4s. 6d. 


THE LEGAL DUTIES OF SHIPMASTERS. 


By BENEDICT WM. GINSBURG, M.A., LL.D. (Canvas. ). 
Of the Inner Temple and Northern Circuit; Barrister-at-Law. 


General Contents.—The Qualification for the Position of Shipmaster—The Con- 
Piao with the Shipowner—The Master’s Duty in respect of the Crew: Engagement ; 
AN AS ee Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
ages and Discharge—The Master’s Duty in respect of the Passengers—The Master's 
Vinge Responsibilities—The Master’s Duty in respect of the Cargo—The Master's 
Duty in Case of Casualty—The Master’s Duty to certain Public Authorities—The 
Master’s Duty in relation to Pilots, Signals, Fla 3, and Light Dues—The Master's Duty 
upon Arrival at the Port of Discharge—Appendices relative to certain Legal Matters: 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c., &c.—Copious Index. 


‘‘No intelligent Master should fail to add this to his list of necessary books, A few |ns: 
of it may SAVE A LAWYER’S FEE, BESIDES ENDLESS WORRY.” —Liverpool Journal of Commerve. 


FIRST AID AT SEA. 


Turirp Epirion, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 


A MEDICAL AND SURGICAL HELP 


FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 
BY awe a LOHNMS ONS TS MPT ch R.O.S., 


Principal Medical Officer, Seamen’s Hospital, Greenwich. 


*,* The attention of all interested in our Merchant Navy is requested to this exceedinyl» 
useful and valuable work, It is needless to say that it is the outcome of many yea's 
PRACTICAL EXPERIENCE amongst Seamen. 

“* SOUND, JUDICIOUS, REALLY HELPFUL.’—The Lance. 


Nintu Epirion. Revised, with Chapters on Trim, Buoyancy, and Calcula- 
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d. 


KNOW YOUR OWN SAFIIP. 
By THOMAS WALTON, Navat ARcHITECT. 


Specially arranged to suit the requirements of Ships’ Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others. 


This work explains, in a simple manner, such important subjects as:—Displacement.— 
Deadweight.—Tonnage.—Freeboard. — Moments. — Buoyancy.—Strain.—Structure.—Stab- 
ility. aires .—Ballasting. — Loading. — Shifting Cargoes.— Admission of Water.—Sail 
Area,—&c 

“The little book will be found EXCEEDINGLY HANDY by most officers and officials connected 
with shipping. . Mr. Walton’s work will obtain LASTING SUCCESS, because of its unique 
fitness for those for whom it has been written.’ ’—Shipping World. 


BY THE SAME AUTHOR. 


STEEL SHIPS: Their Construction and Maintenance. 
(See page 38.) 
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44 CHARLES GRIFFIN & CO”S PUBLICATIONS, 


SixtgEentH Epition, Thoroughly Revised. Large 8vo, Cloth. 
pp. i-xxiv+712. With 250 Illustrations, reduced from 
Working Drawings, and 8 Plates. 21s. net. 


A MANUAL OF 


MARINE ENGINEERING: 


COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 


By A. E. SEATON, M.I.C.E., M.I.Mech.E., M.I.N.A. 


GENERAL ConTENTS. — Part I.—Principles of Marine Propulsion. 
Part II.—Principles of Steam Engineering. Parr III.— Details of 
Marine Engines: Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.—Propellers. Parr V.—Boilers. 
Part VI.—Miscellaneous. 

“The Student, Draughtsman, and Engineer will find this work the MOST VALUABL¥ 
HANDBOOK of Reference on the Marine Engine now in existence.’’—Marine Engineer. 


NintH Eprrion, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d. 
A POCKET-BOOK OF 


MARINE ENGINEERING RULES AND TABLES, 


FOR THE USE OF 
Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 
By A. E. SEATON, M.1.0.E., M.I.Mech.E., M.I.N.A., 
AND 


H. M. ROUNTHWAITE, M.1I.Mech.E., M.I.N.A. 


“The best book of its kind, and the information is both up-to-date and reliable.’ — 
Engineer. 


In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 
65 other Illustrations, and 60 Tables. 12s. 6d. net. 
THE SCREW PROPELLER 
And other Competing Instruments for Marine Propulsion. 

By A. E. SEATON, M.Inst.C.E., M.I.Mercu.E., M.I.N.A. 


In Pocket Size. With 368 Pages. 3s. 6d. net. 
ENGLISH-SPANISH and SPANISH-ENGLISH. 
SEA TERMS AND PHRASES. 
By Fureret-Paymastrr GRAHAM-HEWLETT. 


“Most complete . . . useful . . . wecan heartily recommend it.’—Steamship. 


In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. 


By P. GROVES-SHOWELL, 
Head of the Navigation Department, L.C.C. School, Poplar. 


“Mr. Groves-Showell writes with a full knowledge of his subject, and with admirable 
clearness.” —Shipbuilder. 
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Szeconp Epirion, Revised. In Crown 8vo, extra, with Diagrams 
and Folding-Plate. 7s. 6d. net. 


THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 


INTEGRATION AND DIFFERENTIATION, 
With Applications to Technical Problems; 
AND 
CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.I.Mucu.E., &c. 
** Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 


in abundance. THE VERY COMPLETE CLASSIFIED REFERENCE TABLE will prove very useful in 
saving the time of those who want an integral ina eee ’'—The ares 


Ih Hoe thogndé 76, 6d. 


MEASUREMENT CONVERSIONS 
(English and French): 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 


Showing at a glance the MuruaL Conversion of MEASUREMENTS 
in DIFFERENT UNITS 


Cf Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, &c. 
For the use of Engineers, Surveyors, Architects, and Contractors. 


By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.I.Mucu.E., &c. 


*,” These TasLes form the most unique and comprehensive collection 
ever placed before the profession. By their use much time and labour will 
be saved, and the chances of error in calculation diminished. 


THIRD EDITION. Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, 
printed on Special Thin Paper, with Illustrations, pp. i-xii+ 834. Price 18s. net. 


(THE NEW “NYSTROM”) 
THE MECHANICAL ENCINEER’S REFERENCE BOOK, 
By HENRY HARRISON SUPLEE, B.Sc., M.E. 


‘* We feel sure it will be of great service to mechanical engineers.”—Engineering. 


THE STUDENT’S MECHANICS: 
An Introduction to the Study of Force and Motion. 


By WALTER R. BROWNE, M.A., M.Insr.C. E. 
With Diagrams. Crown 8vo, Cloth, qs. 6d. 


“Clear in style and practical in method, ‘THe Stuprnt’s MEcuanics’ is cordially to be 
recommended from all points of view.” —A thenaum. 


By THE SAME AUTHOR. 


FOUNDATIONS OF MECHANICS. 


Papers reprinted from the Exgineer, In Crown 8vo, Is. 
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ELECTRICAL ENGINEERING. 


Szeconp EpiTIon, Revised. /n Large 8v0. Handsome-Cloth.  Profusely 
Lllustrated with Plates, Diagrams, and Figures. 245. nét. 


CENTRAL ELECTRICAL STATIONS: 


Their Design, Organisation, and Management. 


By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M. Inst. MECH.E., 
Late Memb. of Council Inst.E.E., and Electrical Engineer to the City of Manchester ; 
Electrical Engineer-in-Chief to the Admiralty. 


“One of the MoST VALUABLE CONTRIBUTIONS to Central Station literature we have had 
for some time.’ — Electricity. 


In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net. 


ELECTRICITY CONTROL. 


A Treatise on Eleetrie Switchgear and Systems of Electrie Transmission. 
By LEONARD ANDREWS, 


Associate Member of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details —Circuit Breakers or 
Arc Interrupting Devices.—Automaticaliy Operated Circuit- Breakers.—Alternating Reverse 
Current Devices. — Arrangement of *Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems.—Examples of Complete 
Installations. —Long Distance Transmission Schemes. 


‘*Not often does the specialist have presented to him so satisfactory a book as this. . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject.” —Power. 


Large 8vo, Cloth, with 334 Pages and 307 Illustrations. 16s. net. 


ELECTRICITY METERS. 
By HENRY G. SOLOMON, A.M.Inst.E.E. 


ContTEN's. — Introductory. —General Principles of Continuous - Current 
Meters.—Continuous-Current Quantity Meters.—Continuous-Energy Motor 
Meters.—Different Types —Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters.—General Principles of Single- and Polyphase Induc- 
tion Meters.— Single-phase Induction Meters.— Polyphase Meters.— Tariff 
Systems.—Prepayment Meters.—Tariff and Hour Meters.—Some Mechanical 
Features in Meter Design.—Testing Meters.—INDEX 


“An earnest and successful attempt to deal comprehensively with modern methods of 
measuring current or power in electrical installations.” —Angineering. 


In Large 8vo. Handsome Cloth. Fully Illustrated. 


TRANSFORMERS. 


By HERMANN BOHLE, M.1I1.E.E., 


Prof. of Electrotechnics, $.A. College, Cape Town, 


AND Proressorn DAVID ROBERTSON, B.Sc., A.I.E.E., or Brisrot. 
CONTENTS.—General Principles.—Magnetising and No-Load Currents.—Losses in 
Transformers.—Iron Losses.—Copper Losses. —Temperature Rise.—Magnetic Leakage.— 
Leakage Inductance.—Vector Diagrams for Transformers.—Systematic Testing of Trans- 
formers.—Insulating Materials.—Examples of Construction.—Design of Transformers.— 
Applications of Transformers.—Regulating and Phase-Changing Transformers.—INDEX. 
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 5s. net. 


TELEGRAPHIC SYSTEMS, 
AND OTHER NOTES. 
A Handbook of the Principles on which Telegraphic Practice is Based. 


By ARTHUR CROTCH, of the Engineer-in-Chief’s Department, G. P.O. 


CONTENTS. — Batteries, Primary and Secondary. — Universal Battery Working. — 
Duplex Telegraphy. — Duplex and Quadruplex Telegraphy.— Automatic Telegraphy.— 
Multiplex Telegraphy.—The Hughes Type Printing Instrument.—The Baudot System.— 
The Murray Type Printing Telegr aph.—Test and Battery Boxes.—Circuit Concentration, 
&c. —- Repeaters. — Submarine Telegraphy. — Wireless Telegraphy. —INDEX.— LIST OF 
DIAGRAMS OF CONNECTIONS. 

‘This book is a particularly good one . . . wecan thoroughly recommend it ... 
a handy book of ready reference.” —EHlectrical Review. 


In Large 8vo. Profusely Illustrated. 8s. 6d. net. 


WIRELESS TELEGRAPHY. 
By GUSTAVE EICHHORN; Pu.D. 


ConTENts. —Oscillations.—Closed and Open Oscillation Systems.—Coupled 
Systems.—The Coupling Compensating the Aerial Wire.—The Receiver.— 
Comparative Measurement in the Sender. —Theoretical Results and Calculations 
in respect of Sender and Receiver.—Close- and Loose-Coupled Sender and 
Receiver.—Formule.—The Ondameter.—Modern Apparatus and Methods of 
Working.— Conclusion. —Bibliography.—INDEx. 

‘“‘Well written . . . and combines with a good deal of description a careful 
investigation of the fundamental theoretical phenomena.’—Nature. 


NINETEENTH EDITION. Leather, Pocket Size, with $10 pages. 8s. 6d. 


A POCKET-BOOK OF 
ELECTRICAL RULES & TABLES 


FOR THE USE OF ELECTRICIANS AND ENGINEERS. 
By JOHN MUNRO, C.E., & Pror. JAMIESON, M.InstT.C.E., F.R.S. HB. 
‘“ WONDERFULLY PerFecT. . . . Worthy of the highest commendation we can 
Bive it.”— Electrician. 
GRIFFIN’S ELECTRICAL PRICE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsinc. SEcONDEDITION. 8s, 6d. 


ELECTRIC SMELTING AND REFINING. By J Dr. W. BorcHERS 


and W. G. McMILiayn. [See p. 67. 
ELECTRO - METALLURGY, A Treatise on. By WALTER G. 
McMittuan, F.I.C., F.C.S., and W. R. CoopEr. [See p. 67. 
ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M. Inst. M.E. [See p. 57. 
ELECTRICAL SIGNALLING IN MINES. By Grratp J. Hooe- 
WINKEL, M.L.E.E., &c. [In Active Prepar ation. 
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In Four Volumes. Crown 8vo. Fully Illustrated. Sold Separately. 


AN ELEMENTARY TEXT-BOOK OF PHYSICS. 


By R. WALLACE STEWART, D.Sc. (Lonp.) 


Just PUBLISHED. Cloth. With 142 Illustrations. 3s. 6d. net. 


LiGH TT. 


Contents. — Introductory. — Rectilinear Propagation of Light.— 
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical 
Surfaces. —Refraction.—Refraction through Lenses. —Dispersion. —INDEX. 


Vol. II. With 141 Pages and 48 Illustrations. 2s. 6d. net. 


SOU N D. 


ContTENTts.—Simple Harmonic Vibration.—Production of Sound.— 
Wave Motion.—Propagation of Sound.—Characteristics of Sound.—Re- 
flection and Refraction of Sound.—Velocity of Sound in Air and Water. — 
Transverse Vibration of Strings.—Longitudinal Vibration of Rods and 
Columns of Air.—INDEXx. 


Other Volumes in Preparation, and which will be Published Shortly, 
HEAT. MATTER. 


In Large 8vo.- With Bibliography, Illustrations in the Text, and 
Seven Plates. 12s. 


THE MEAN DENSITY OF THE HARTH. 


An Essay to which the Adams Prize was Adjudged in 18938 
in the University of Cambridge. 


By Je POY NTENG ScD is. 


‘Cannot fail to be of great and general interest.”—Athenceum. 


Just PUBLISHED. In Crown 8vo, Cloth. Illustrated with 
Diagrams. 3s. net. 


THE FORCE OF THE WIND. 


By HERBERT CHATLEY, B.Sc. Ene. (Lonp.), 


Professor of Civil Engineering, Tong Shan Engineering College, N. China. 


ConTENTS. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind. —Variations in Velocity.—Stream Line Theory. —Stress 
in Structures due to Wind.—Windmills.—Train and Motor Resistance.— 


In Crown 8vo, Handsome Cloth. With 22 Diagrams. 


STRESSES IN MASONRY. 
By HERBERT CHATLEY, B.Sc. Eva. (Lonp.). 


ConTENTS.—Strength of Stone.— Walls.—Columns and Piers.— 
Brackets and Cantilevers.—Simple Arches.— Vaults and Skew Arches.— 
Domes.—Retaining Walls and Domes.—Artificial Stone.—Re-inforced 
Concrete.—INDEX. 
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In Five Volumes. Large 8vo. Sold Separately. 


A TEXT-BOOK OF PHYSICS. 


By J. H. POYNTING, Sc.D., F.R.S., 


Professor of Physics, Birmingham University, 


And Sir J. J. THOMSON, M.A., F.RS., 


Professor of Experimental Physics in the University of Cambridge. 


InTRODUCTORY VoLUME. FirrH Epition, Revised. Fully Illustrated. 
10s. 6d. 


PROPERTIES OF MATTER. 


OonTENTS. — Gravitation. — The Acceleration of Gravity. — Elasticity.— Stresses and 
Strains.—Torsion.—Bending of Rods.—Spiral Springs.—Collision.—Compressibility of 
Liquids.—Pressures and Volumes of Gases.—Thermal Effects Accompanying Strain.— 
Oapillarity.—Surface Tension.—Laplace’s Theory of Capiliarity.—Diffusion of Liquids — 
Diffusion of Gases.— Viscosity of Liquids.—InpEx. 


‘*We regard this book as quite indispensable not merely to teachers but to physicists of every 
grade above the lowest.”— University Correspondent. 


VoutuME II. Firrn Epition, Fully Illustrated. Price 8s. 6d. 


SOUN D. 


ContTrentTs,—The Nature of Sound and its chief Characteristics.—The Velocity of Sound 
tn Air and other Media,—Reflection and Refraction of Sound.—Frequency and Pitch of 
Notes,—Resonance and Forced Oscillations.—Analysis of Vibrations.—The Transverse 
Vibrations of Stretched Strings or Wires.—Pipes and other Air Cavities.—Rods.—Plates, 
—Membranes,—Vibrations maintained by Heat.—Sensitive Flames and Jets.—Musical 
Sand,—The Superposition of Waves.—Inpex, 


“Thework .. . maybe recommended to anyone desirous of possessing an EASY 
UP-TO-DATE STANDARD TREATISE On Acoustics.” —Literature. 


VotumE III. Turrp Epirion, Revised. Fully Illustrated. Price 15s. 


HEA T. 


CONTENTS. —Temperature. —Expansion of Solids. — Liquids. — Gases. — Circulation. 
and Convection.—Quantity of Heat; Specific Heat.—Conductivity.—Forms of Energy ;. 
Conservation; Mechanical Equivalent of Heat.—The Kinetic Theory.—Change of State; 
Liquid, Vapour. — Critical Points. — Solids and Liquids. — Atmospheric Conditions. — 
Radiation.—Theory of Exchanges.—Radiation and Temperature.—Thermodynamics.— 
Isothermal and Adiabatic Changes.—Thermodynamics of Changes of State, and Solu- 
tions.—Thermodynamics of Radiation.—INDEX. 

‘Well up-to-date, and extremely clear and exact throughout. . . . As clear as 
it would be possible to make such a text-book ”—Nature. 


Remaining Volumes in Preparation— 


LIGHT; MAGNETISM AND ELECTRICITY. 
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GRIFFIN’S LOCAL COVERNMENT HANDBOOKS. 


WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINEERS, 
ANALYSTS, AND OTHERS. 


See also Davies’ Hygiene, p. 99, and *MacLeod’s Calculations, p. 110 General Catalogue. 


Gas Manufacture (The Chemistry of). A Handbook on the Pro- 


duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W.J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. FOURTH 
EDITION, Revised. Vol. I., 7s. 6d. net. Vol. IL., in preparation. [See page 77. 


Water Supply: A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E., 
¥.8.I. With Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77. 


Central Electrical Stations: Their Design, Organisation, and Manage- 
ment. By C. H. WORDINGHAM, A.K.C., M.I.C.E. SECOND EDITION. 24s. net. [See p. 46 


Electricity Control. By Lxonarp AnpReEws, A.M.Inst.C.E., M.I.E.E. 
12s. 6d. net. [See page 46. 


Electricity Meters. By Henry G. Sotomon, A.M.Inst.E.E. 16s, 
net. : [See page 46. 


Trades’ Waste: Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers’ Pollution. By W. NAYLor, F.C.8., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 7€. 


Caleareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By GILBERT REDGRAVE, Assoc.Inst.C.E., 
and CHAS. SPACKMAN, F.C.S. SECOND EDITION. With Illustrations, Analytical 
Data, and Appendices on Costs, &c. 15s. net. [See page 76. 


Road Making and Maintenance: A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice. 
By THOMAS AITKEN, Assoc.M.Inst.C.E., &c. SECOND EDITION, Revised and En- 
larged. 21s. net. [See page 79. 


The Principles of Sewage Treatment. By Prof. Dunbar, of Ham- 
burg. Translated by H. T. CALVERT, M.Sc., Ph.D., F.I.C. 15s. net. [See page 76. 


Light Railways at Home and Abroad. By Wix11am Henry Cory, 
M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 30. 


Practical Sanitation: A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Go. REm, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. THIRTEENTH EDITION, Thoroughly Revised. 
6s. (See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By FRANCIS Woop, A.M.Inst.C.E., F.G.S. SECOND 
EDITION, Revised. Fully Illustrated. 8s. 6d. net. [See page 7. 


Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
- and Analysts. By H. Droop, RICHMOND, F.I.C., Chemist to the Aylesbury Dairy 
Creaey: SECOND EDITION, Revised. With Tables, Illustrations, &c. Handsome 


loth. [See page 78. 
Dairy Analysis: The Laboratory Book of. By H. Droop Ricumoxp, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 73. 


Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By EDWARD F. 
WILLOUGHBY, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net. [See page 73. 


Flesh Foods: With Methods for their Chemical, Microscopical, and 
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M.R.C.8., F.C.8., Public Analyst for the County of Devon, and M. W .BLyTH, 


B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. FIFTH EDITION, 
Thoroughly Revised. 21s. [See page 72. 


LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 


S 


Geological, Prospecting, Mining, and Metallurgical Publications. 


Geology, Stratigraphical, 
Practical Aids, 
5 Open Air Studies, 
Mining Geology, 
Prospecting for Minerals, 
Theodolite Surveying, 
Ore and Stone Mining, 
Elements of Mining, 
Coal Mining, . 
Practical Coal Mining, 
Elementary ,, 
Elect. Colliery Practice; 
Mine Surveying, 
Mine Air, Investigation of 
Elect. Signalling in Mines, 
Mining Law, ; 
Blasting and Explosives: 
Testing Explosives, 
Shaft Sinking, 
Mine Accounts, 
Mining Eng. Report Books 
Petroleum, . 
A Handbook on Petroleum, 
Oil Fuel, 3 
Mineral Oil Testing:< 
Metallurgical Analysis, 
Microseopiec Analysis, Metals, . 
Metallurgy (General), . 
ve (Elementary), . 
Ee! Intro. to Practical, 
Getting Gold, 
Gold Seeking in S. erica! 
Cyanide Process, 
Cyaniding, 
Electric Smelting, 
Electro-Metallurgy, . 
Assaying, 
Metallurgical Analyaiss Tapes 
Metallurgy (Introduction to), . 
Gold, Metallurgy of, 


Lead and Silver, ietailane ts Olan 


Iron, Metallurgy of, 
Steel, Ar 
Alloys, Industrial ‘AGES 
Antimony, 
Metallie Alloys (Structures. 
General Foundry Practice, 
Iron-Founding, : 
Precious Stones, 
Spanish Mining Terms, 


R. ETHERIDGE, F.R.S., 
PROF. GRENVILLE COLE, 

1 3 : 
PROF. JAMES PARK, F.G.S., 
S. HERBERT Cox, A.R.S.M., 
PROF. JAMES PARK, F.G.S, 
FOSTER AND BROUGH, 

Sir C. LE NEVE FostEr, 

H. W. HuGHES, F.G.S., 

G. L. KERR, M.Inst.M.E., 
”» 

D. BURNS, . 

BENNETY? H. BRoven, 

FOSTER AND HALDANE, 

G. J. HOOGHWINKEL, 

C. J. ALFORD, 

O. GUTTMANN, A.M.I.C.E 

BICHEL AND LARSEN, 

RIEMER AND BROUGH, 

J. G. LAWN, A.R.S.M., 

E. R. FIELD, M.Inst.M.M., 

Str BOVERTON REDWOOD,. 

THOMSON AND REDWOOD,. 

SIDNEY H. NORTH, ; 

Jc HIOKS;. “sy 7 ‘ ; - ; 

MACLEOD AND WALKER, . 

F. OSMOND AND J. E. STEAD, F.R. S., 

PHILLIPS AND BAUERMAN, 

PROF. HUMBOLDT SEXTON, 

ProF. THOS. TURNER, A.R.S.M., 

J. C. F. JOHNSON, F.G.S., 

T. KASSNER, 

PROF. JAMES PARK, r. Gs S., 

JULIAN AND SMART, . 

BORCHERS AND MeMILLAN, 

W. G. McMILLAN, F.I.C., 

J. J. AND C. BERINGER, . 

J. J. MORGAN, F.C.S., ; . 

Sir. W. ROBERTS-AUSTEN, K.C.B., 

Dr. KIRKE Ross, A.R.S.M., 

H. F. CoLuins, A.R.S.M., 

ProF. THOS. TURNER, A.R.S.M., 

F. W. HARBORD, 

Ep. F. LAw, A.R.S.M., 

C. Y. WANG, 

G. H. GULLIVER, B.SC., 

McWILLIAM AND LONGMUIR, 

PROF. THOMAS TURNER, A.R.S.M., 

Dr. MAX BAUER, 

Ep. HALSE, A.R.S.M., 


A.B.8.M,, 


— 


aAaran»aa»aa»a»aaaan a 
CmoonrOrRDa ann 


on o 
I J 


lon] 
eat 


65 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


2 CHARLES GRIFFIN & CO/S PUBLICATIONS. 


a 


Demy 8vo, Handsome cloth, 34s. 


Stratigraphical Geology & Paleontology, 


ON THE BASIS OF PHILLIPS. 
BY ROBERT :-E hin BaD Gio Roo. 


OF THE NATURAL HIST, DEPARTMENT, BRITISH MUSEUM, LATE PALAZONTOLOGIST TO THE 
GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THE 
GEOLOGICAL SOCIETY, ETC, 


With Map, Humerous Tables, and Thirty-six Plates. 

‘* No such compendium of geological knowledge has ever been brought together before.” — 
Westminster Review. 

‘“‘ If Pror. SKELEY’s volume was remarkable for its originality and the breadth of its views 
Mr. EruerinGE fully justifies the assertion made in his preface that his book differs in con 
struction and detail from any known manual. Must take HIGH RANK AMONG WORK: 
OF REFERENCE.” —A thene@um. 


AIDS IN 
PRACTICAL GEHROLOGY: 


WITH A SECTION ON PALHZONTOLOGY. 
By PROFESSOR GRENVILLE COLE, M.R.I1A., F.G.S. 


FIFTH EDITION, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth. tos. 6d. 


GENERAL CONTENTS. — 
PART I.—SAMPLING OF THE EARTH’S CRUST, 
PART II.—EXAMINATION OF MINERALS. 
PART III.—EXAMINATION OF ROCKS, 
PART IV.—EXAMINATION OF FOSSILS, 
‘“* DESERVING OF THE HIGHEST PRAISE. Here indeed are ‘Aids’ INNUMERABLE and 
INVALUABLE, All the directions are given with the utmost clearaess and precision.”— 


Atheneum. i pe 
‘That the work deserves its title, that it is full of ‘Arps,’ and in the highest degree 


PRACTICAL,’ will be the verdict of all who use it.” —Nature. 


OPEN -AlIR STUDIES IN GEOLOGY: 
An Introduction to Geology Out-of-doors. 
By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 


For details, see Griffin’s Introductory Science Series, p 85. 


Crown 8vo. Handsome Cloth. 2s. 6d. 
RESEARCHES ON THE PAST AND PRESENT HISTORY 


OF 
THE EARTH’S ATMOSPHERE. 
Including the latest Discoveries and their Practical Applications. 
By DR. THOMAS LAMB PHIPSON. 


Part I.—The Earth’s Atmosphere in Remote Geological Periods. 
PaRT II.—The Atmosphere of our present period. Appendices ; Index. 


“The book should prove of interest to general readers, as well as to meteorologists and 
other students of science.”—Nature. 
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GRIFFIN’S “NEW LAND” SERIES. 


Practical Hand-Books for the Use of Prospectors, Haplorers, 
Settlers, Colonists, and all Interested in the opening 
up and Development of New Lands. 
EpiteED BY GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 


Professor of Geology in the Royal College of Science for Ireland, and Examiner in 
the University of London. 


In Crown 8vo. Handsome Cloth. 5s. 
With Numerous Maps Specially Drawn and Huecuted for this Work. 


NEW LANDS: 


THEIR RESOURCES AND PROSPECTIVE 
ADVANTAGES. 


By HUGH ROBERT MILL, D.S8c., LL.D., F.R.S.E,, 


‘‘A want admirably supplied. . . . Has the advantage of being written by a pro- 
essed Geographer,” —Geographical Journal. 


With many Engravings and Photographs. Handsome Cloth, 4s, 6d. 
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By ROBERT BRUOE, 


Agricultural Superintendent to the Royal Dublin Society. 
With Appendix on Preserved Foods by C. A. Mircnenn, B.A., F.LC. 
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farming in ALL ITS BRANOHES.”—Journal of the Royal Colonial Inst. 


Fieta Epition. With Illustrations. Handsome Cloth, 8s. 


PROSPECTING FOR MINERALS. 


A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 


By S. HERBERT COX, Assoc.R.S.M., M.Inst.M.M., F.G.S., 


Professor of Mining at the Royal School of Mines. 


GENERAL ContTENTS.—Introduction and Hints on Geology—The Determina. 
tion of Minerals: Use of the Blow-pipe, &c.—Rock-forming Minerals and Non. 
Metallic Minerals of Commercial Value: Rock Salt, Borax, Marbles, Litho. 
graphic Stone, Quartz and Opal, &c., &c.—Precious Stones and Gems—Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes—{rregular Deposits— 
Dynamics of Lodes: Faults, &c.—Alluvial Deposits—Noble Metals: Gold. 
Piounant, Silver, &c.—Lead—Mercury—Copper—Tin—Zinc—Iron—Nickel. 
&c.—Sulphur, Antimony, Arsenic, &c.—Combustible Minerals—Petroleum 
General Hints on Prospecting—Glossary—Index. 

“Yhig ADMIRABLE LITTLE WORK . . . written with SCIENTIFIC ACOURACY in 
LEAR and LUCID style. . . . An IMPORTANT ADDITION to technical literature . 
—Mining Journal. : 
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WORKS BY 
SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 


SixtH Epirion. With Frontispiece and 716 Illustrations, Price 34s. 


ORE & STONE MINING. 


By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 


LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE. 
REVISED, AND BROUGHT UP-TO-DATE 


By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 


GENERAL CONTENTS. 


(INTRODUCTION. Mode of Occurrence of Minerals.—Prospecting.—Boring. 
—Breaking Ground.—Supporting Excavations.—Exploitation.—Haulage or 
Transport.—Hoisting or Winding. — Drainage. — Ventilation. — Lighting. — 
Descent and Ascent.—Dressing—Principles of Employment of Mining Labour. 
—Legislation affecting Mines and Quarries.— Condition of the Miner.— 
Aecidents.—Index 

‘‘We have seldom had the pleasure to review a work so thorough and complete as 
the present one. Both in mannerand in matter it is FAR SUPERIOR TO ANYTHING ON 
ITS SPECIAL SUBJECT HITHERTO PUBLISHED IN ENGLAND.’”—Athencewm. Jn 

‘‘ Not only is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it is so regarded in the United States of America is. evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country.”—The Times. 


In Crown 8vo. Handsome Cloth. With nearly’ 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price7s. 6d. net. 


THE ELEMENTS OF MINING AND QUARRYING. 


An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 


Late Professor of Mining at the Royal College of Science. 

GENERAL CONTENTS. — INTRODUCTION. — Occurrence of Minerals. — Pro- 
specting.—Boring.—Breaking Ground.—Supporting Excavations.—Exploita- 
tion —Haulage or Transport.—Hoisting or Winding. —Drainage.— Ventilation. 
—Lighting.—Descent and Ascent.—Dressing, &c.—INDEX. 


‘* A remarkably clear survey of the whole field of mining operations.”—Engineer. 

‘* Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as- 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book.”—Mining Journal. 


In Large Crown 8vo. Fully Illustrated. 6s. net. 


THE INVESTIGATION OF MINE AIR: 


An Account by Several Authors of the Nature, Significance, and Practical 
Methods of Measurement of the Impurities met with in the 
Air of Collieries and Metalliferous Mines. 
EDITED BY 


Sir CLEMENT LE NEVE FOSTER, D.Sc., F.R.S., 
AnD J. 8S. HALDANE, M.D., F.R:S. 


We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus.” —Colliery Guardian. 
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WORKS ON COAL-MINING. 


Firra Epirion, Revised and Greatly Enlarged. With 4 Plates and 
690 Illustrations. Price 24s. net. 


A TEXT-BOOK OF COAL-MINING: 


FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 


By HERBERT WILLIAM HUGHES, FG5S., 


Assoc. Royal School of Mines, General Manager of Sandwell Park Colliery. 


GENERAL ConTENTS.—Geology.—Search for Coal.—Breaking Ground.— 
Sinking. — Preliminary Operations.— Methods of Working. — Haulage.— 
Winding. —Pumping. —Ventilation.— Lighting.—Works at Surface. — Pre- 
paration of Coal for Market.—INDEx. 

“Quite THE BEST BOOK of its kind . . . as PRACTICAL in aim as a book canbe . . . The 
illustrations are EXCELLENT.”—Athenceum. 

‘We cordially recommend the work.” —Colliery Guardian. 

** Will soon come to be regarded as the STANDARD WORK Of its kind.” ~ Birmingham Daily Gazette. 


FourtH Epition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d. 


PRACTICAL COAL-MINING: 


A MANUAL FOR MANAGERS, UNDER-MANAGERS, 
COLLIERY ENGINEERS, AND OTHERS. 


With Worked-cut Problems on Haulage, Pumping, Ventilation, &c. 
By GEORGE L. KERR, M.E., M.Inst.M.E. 


ConTENtTS.—The Sources and Nature of Coal.—The Search for Coal.— 
Sinking.—Explosives.—Mechanical Wedges.—Rock Drills and Coal-cutting 
Machines.—Coal-cutting by Machinery.—Transmission of Power.—Modes of 
Working.—Timbering Roadways.—Winding Coal.—Haulage.—Pumping.— 
Ventilation.—Safety Lamps.—Surface Arrangements, Surveying, Levelling, 
&e. 


**An ESSENTIALLY PRACTICAL WORK, and can be confidently recommended. No department 
of Coal-Mining has been overlooked.”—Hngineers’ Gazette. 


Seconp Epitron, Revised. In Crown 8vo. Handsome Cloth. 
With 200 Illustrations. 3s. 6d. 


BLEMENTARY COAL~MINING: 


FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 


By GEORGE L. KERR, M.E., M.Inst.M.E. 


CoNTENTS.—Sources and Nature of Coal.—Exploration and Boring for 
Coal.—Breaking Ground.—Explosives, Blasting, &c.—Sinking and Fitting 
of Shafts. —Modes of Working. —Timbering Roadways.—Winding and 
Drawing.—Haulage.—Pumping and Drainage.—Ventilation.—Cleaning and 
Sorting Coal.—Surveying, &c. 


‘*An abundance of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining.” —Scottish Critic. 
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THIRTEENTH EDITION, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 


A TREATISE ON MINE-SURVEYING: 


For the use of Managers of Mines and Collieries, Students 
at the Royal School of Mines, &c. 


By BENNETT H. BROUGH, Assoc.R.S.M., F.G.S., 


Formerly Instructor of Mine-Surveying, Royal School of Mines. 


CONTENTS. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle.—Surveying with the Magnetic Needle 
in the Presence of Iron.—Surveying with the Fixed Needle. —The German Dial. — 
The Theodolite.—Traversing Underground.—Surface Surveys with the Theodo- 
lite. —Plotting the Survey.—Calculation of Areas. —Levelling.—Connection of the 
Underground and Surface Surveys. —Measuring Distances by Telescope.—Setting- 
out,— Mine-Surveying Problems.— Mine Plans.—Application of the Magnetic 
Needle in Mining. —-Photographic Surveys. —APPENDICES.—INDEX. 

“Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have long ago won 
for it a place unique in the literature of this branch of mining engineering, and the present edition tully 


maintains the high standard of itspredecessors. To the student, and to the mining engineer alike, ITS 
VALUE isinestimable. The illustrations are excellent.”—T7hke Mining Fournal. 


In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 
A HANDBOOK ON 


THEODOLITE SURVEYING AND LEVELLING. 


For the use of Students in Land and Mine Surveying. 
By Prorressorn JAMES PARK, F.GS. 


Contents.—The Scope and Object of Surveying.—Land Surveying. — 
The Theodolite.—Chains and Steel Bands.—Obstacles to Allignment.— 
Meridian and Bearings.—The Theodolite Traverse.—Co-ordinates of a 
Station.—Calculation of Omitted or Connecting Line in a Traverse.— 
Calculation of Areas.—Subdivision of Land.—Triangulation. —Determina- 
tion of True Meridian, Latitude and Time. —Levelling.—Railway Curves. 
—Mine Surveying.—Surveying Boreholes.—InpEx. 

“4 book’ which should prove as useful to the professional surveyor as to the 
student.”—Nature. 


SEconpD Epirion, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 


MINING GEOLOGY, 


A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 
By PROF. JAMES PARK, F.G.S., M.Inst.M.M., 


Professor of Mining and Director of the Otago University School of Mines; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 
Government or New Zealand 
# | GENERAL CoNTENTS.—Introduction. — Classification of Mineral Deposits.—Ore Veins, 
their Filling, Age, and Structure.—The Dynamics uf Lodes and Beds. —Ore Deposits 
Genetically Considered—Ores and Minerals Considered Economically.—Mine Sampling 

and Ore Valuation.—The Examination and Valuation of Mines.—INDEX. 


‘‘A work which should find a place in the library of every mining engineer.”— 
Mining World. 
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WORKS FOR MINERS AND STUDENTS. 


TuHirRD Epirion. Jn Orc own 8vo. nnidacwis Cloth. With 30 New 
Illustrations. 


ELECTRICAL PRACTICE IN COLLIERIES. 
By D. BURNS, M.E., M.Insv.M.E,, 


Lecturer on Mining and Geology to the Glasgow and West of Scotland Technical College. 


Units of Measurement, Conductors, &c.—The Theory of the Dynamo. —The 
Dynamo, Details of Construction and Working. —Motors.—Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Hlectrical antares, — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity ).—INDEx. 

PA re and concise introduction to electrical practice in collieries.”—Mining 
Journa 


In Crown 8vo, Handsome Cloth. 8s. 6d. net. 


MINING LAW OF THE BRITISH EMPIRE. 
By CHARLES J, ALFORD, F.G.S., M.Inst.M.M. 


CoNnTENTS.—The Principles of Mining Law.—The Mining Law of Great 
Britain.—British India.—Ceylon.—Burma.—The Malay Peninsula —British 
North Borneo.—- Egypt. — Cyprus. -—The Dominion of Canada. — British 
Guiana.—The Gold oakt Colony and Ashanti.—Cape of Good Hope.— 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.—New Zealand, &c.—InpDEx. 

‘“‘Cannot fail to be useful . . . we cordially recommend the book.”—Mining World. 


FourtH Eprtion. Jn Large 8vo. Price 10s. 6d. 


MINE ACCOUNTS AND MINING BOOK-KEEPING. 
For Students, Managers, Secretaries, and others. 
With Examples taken from Actual Practice of Leading Companie:. 


By JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S., 


Head of the Mining Department, Camborne School of Mines. 


EpITED By Sir C. LE NEVE FOSTER, D.Sc., F.B.S. 


“Yt seems IMPOSSIBLE to suggest how Mr. Lawn’s book could be made more COMPLETE or 
more VALUABLE, careful, and exhaustive.”— Accountants’ Magazine. 


Sreconp Epirion. In Pocket Size, Strongly Bound in Leather, 38. 6d. 
Provided with Detachable Blank Pages for MS. 


THE MINING ENGINEERS’ REPORT BOOK 


AND DIRECTORS’ AND SHAREHOLDERS’ CUIDE TO MINING REPORTS. 
By EDWIN R. FIELD, M.Inst.M.M. 
With Notes on the Valuation of Property, and Tabulating Reports, 


Useful Tables, and Examples of Calculations, &c. 
‘‘An ADMIRABLY compiled book which Mining Engineers and ‘Managers will find 
EXTREMELY USEFUL.’—Mining Vere. 


In Crown S8vo. cena Cot Illustrated. 10s. 6d. net. 


SPANISH AND SPANISH-AMERICAN MINING, METALLURGICAL 
AND ALLIED TERMS. 


To which some Portuguese and Portuguese-American (Brazilian) Terms are added. 


By EDWARD HALSE, A.R.S.M., 
Mem. Inst. Ming. and Metall., of the Eng. Inst. of Ming. and Metall. Engrs., d&c., &e. 
“ Will be found of the greatest service to the mining profession.” —Mining Journal. 
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CONTENTS. — General Explanations. — Measurement of Distances. — Miners 
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Contents.—The Scope and Object of Surveying.—Land Surveying. — 
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Meridian and Bearings.—The Theodolite Traverse.—Co-ordinates of a 
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MINING LAW OF THE BRITISH EMPIRE. 
By CHARLES J, ALFORD, F.G.S., M.Inst.M.M. 


ContTENTS.—The Principles of Mining Law.—The Mining Law of Great 
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GENERAL CONTENTS.—Introduction. —Properties of the Metals.—Combustion.—Fuels. 
—Refractory Materials.—Furnaces.—Occurrence of the Metals in Nature.—Preparation 
of the Ore for the Smelter.—Metallurgical Processes.—Iron.—Steel.—Copper.—Lead.— 
Zine and Tin. —Silver.— Gold. — Mercury.—Alloys.— Applications of ELECTRICITY to 
Metallurgy.—LABORATORY COURSE. 

“Just the kind of work for Students COMMENCING the study of Metallurgy, or for ENGINEERING 
Students.”—Practical Engineer. 
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In Large 8vo. Handsome Cloth. Price 4s. 


QUANTITATIVE METALLURGICAL ANALYSIS. 


TABLES FOR LABORATORY USE. 
ON THE PRINCIPLE OF “GROUP” SEPARATIONS. 
By J. JAMES MORGAN, F.OS., M.S.C.IJ. 


“The Author may be CONGRATULATED On the way his work has been carried out."’— 
The Engineer, 


TurrpD Epition, Revised, Enlarged, and Re-written. 


A TREATISE ON 


ELECTRO-METALLURGY: 


Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art-Work, &c. 

BY 
WALTER .G. M°MILLAN: ELC, E.C:8., 

Late Lecturer in Metallurgy at Mason College, Birmingham. 
Thoroughly Revised by W. R. COOPER. 


“ Excellent, . . . one of the BEST and MOST COMPLETE manuals hitherto published 
on Electro-Metallurgy.”—Electrical Review (on the Second Edition). 


Srconp Epirion, Thoroughly Revised and Enlarged. Im large 8vo. 
With Numerous Illustrations and Three Folding-Plates, 21s. net. 


ELECTRIC SMELTING & REFINING: 


A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 


Being the ‘‘ ELEKTRO-MrETALLURGIE” of Dk. W. BORCHERS. 


Translated from the Latest German Edition by WALTER G. M°MILLAN, 
F.1L¢C., F.C.S. 


CONTENTS. 

Part I,.—ALKALIES AND ALKALINE EARTH METALS: Magnesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part IJ.—Tuer Eartu Merats: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part II].—Tuer Heavy Merats: Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, Cobalt, and the Platinum 
Group. 

“ COMPREHENSIVE and AUTHORITATIVE . . . not only FULL of VALUABLE INFOR- 
MATION, but gives evidence of a THOROUGH INSIGHT into the technical VALUE and 
POSSIBILITIES Of all the methods discussed.”—The Electrician, 
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matter by Mr. McMILLAN.” —WNature. 


‘¢ Will be of GREAT SERVICE to the practical man and the Student.” —EHlectric Smelting. 
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GENERAL FOUNDRY PRACTICE: 


A Practical Handbook for Iron, Steel and Brass Founders, 
Metallurgists, and Students of Metallurgy. 
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CONTENTS.—Introduction.—General Properties of Matter.—Moulding Sands.—Facing 
Sands and Facings.— Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.—Cores.—Elementary Aspects of Moulding.—Green 
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LECTURES ON IRON-FOUNDING. 


By THOMAS TURNER, M.Sc., A.R.S.M., F.L.C., 
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‘The plates are remarkable for their beauty, delicacy, and truthfulness. <A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 


add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers’ 
window. ’—Atheneum. 


In Large Crown 8vo. With Numerous Illustrations, 8s. 6d. 


THE ART OF THE GOLDSMITH AND JEWELLER, 


A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 


By THOS. B. WIGLEY, 


Headmaster of the Jewellers and Silversmiths’ Assoc. Tech. School, Birmingham. 


AssisteD BY J. H. STANSBIE, B.Sc. (Lonp.), F.1.0., 


Lecturer at the Birmingham Maniolpat Technical] School. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 


Criffin’s Chemical and Technological Publications. 


Inorganic Chemistry, . 
Analysis, . . 
Chemical Engineering; 
Chemistry, 

Foods and Poisons, 
Tables for Chemists, 
Dairy Chemistry, &c., 
Milk, 

Agricnitaral Ehemnietey: 
Flesh Foods, : 
Practical Sanitation, 
Sanitary Engineering, 
Sewage Treatment, 
Lessons on Sanitation, 
Technical Mycology, 
Soil Bacteria, . 
Ferments; and Thatiies, 
Brewing, . : 
Trades’ Waste, 

Smoke Abatement, 
Cements, . 


Handbook for Cement Works’ Chaniists, 


Clayworkers’ Se gare 
Peat, . 5 

Commercial Peat, . 

Water Supply, 

Road Making, . 

Gas Manufacture, . 
Acetylene, : 
’ Fire and Geaninettn Ricks. 
Petroleum, ‘ : 
(Handbook), . 

Ink Manufacture, . 

Paper Technology, 

Glue, Gelatine, &c., 
Leather Trades Chemistry, 
Oils, Soaps, Candles, 
Lubrication and Lubricants, 
India Rubber, . 

Rubber Goods Menciaetnre: 
Enamelling on Iron and Steel, 
Colour Manufacture, 
Painters’ Colours, Oils, &c., 
Painters’ Laboratory Guide, 
Painting and Decorating, . 
Manual of Dyeing, 
Dictionary of Dyes, 

The Synthetie Dyestuffs, 
Spinning, . : 

Cotton Weavers’ Handbook, 
Textile Printing, 

Textile Fibres of Chinmereds 
Dyeing and Cleaning, : 
Bleaching, Calico-Printing, 


LONDON : CHARLES GRIFFIN & CO.. 


PRors. DUPRE AND HAKE, 
PROF, HUMBOLDT SEXTON, 
DR. J. GROSSMANN, 


BLOUNT AND BLOXAM, é : 46, 


A. WYNTER BLYTH, 
PROF, CASTELL-EVANS, 
H. D. RICHMOND, 

E. F. WILLOUGHBY, 
H. INGLE, 

C, A, MITCHELL, 

Dr. G. REID, 

kK, Woop, 

DUNBAR AND CALVERT, 
J. W. HARRISON, 
LAFAR AND SALTER, 
J. CLARK, 

C. tag elo 
DR _ SYKES, 

W. ee: 

Wm. NICHOLSON, 

G. R. REDGRAVE, 

F. B. GATEHOUSE, 


BJORLING AND GISSING, 

T. GISSING, 
R. E. MIDDLETON, 
THOS. AITKEN, 
W. ATKINSON BUTTERFIELD, 
LEEDS AND BUTTERFIELD, 
Dk. SCHWARTZ, 
SIR BOVERTON REDWOOD, . 
THOMSON AND REDWOOD, . 
MITCHELL AND HEPWORTH, 
R. W. SINDALL, . 
THOS. LAMBERT, 
8S. R. TROTMAN, . 
WRIGHT AND MITCHELL, 
ARCHBUTT AND DEELEY, 
DR.. CARL O. WEBER, 
HEIL AND ESCH, 
J. GRUNWALD, 
ZERR, RUBENCAMP, MAYER, 
G. H. Hurst, 


”) ” 
W. J. PEARCE, 
KNECHT AND RAWSON, 
RAWSON AND GARDNER, 
CAIN AND THORPE, 
H. R. CARTER, 
H. B. HEYLIN, 
SEYMOUR ROTHWELL, 
W. I. HANNAN, . 
F, J. FARRELL, 
GEO. DUERR, 


LIMITED, EXETER STREET. STRAND 


Sow wr wre 


Co ®m we 


i) Mie ne Cs ms CS eS eS 


“J 7 —7 <I 
aI a 7 6 


70 CHARLES GRIFFIN & CO”S PUBLICATIONS. 


[uirD EDITION, Revised, Enlarged, and Re-issued. Price 6s. net. 
A SHORT MANUAL OF 


INORGANIC CHEMISTRY. 


By A. DUPRE, Ph.D. F.R5S., 
Anp WILSON HAKE, PhD., F.LO, F.CS., 


Of the Westminster Hospital Medical School. 
‘‘AN EXAMPLE OF THE ADVANTAGES OF THE SYSTEMATIC TREATMENT of a Science 


over the fragmentary style so generally followed. By A LONG WAY THR BRST of the small 
Manuals for Students.” —Axalyst. 


In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net. 


THE ELEMENTS OF CHEMICAL ENGINEERING. 


By J. GROSSMANN, M.A., Pu.D., F.I.C. 
WITH A PREFACE BY 
Sir WILLIAM RAMSAY, K.C.B., F.R.S. 


CONTENTS.—The Beaker and its Technical Equivalents.—Distilling Flasks, Liebig’s 
Condensers.—Fractionating Tubes and their Technical Equivalents.—The Air-Bath and 
its ‘echnical Equivalents.—The Blowpipe and Crucible and their Technical Equivalents. 
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of Heat in Chemical Engineering.—The Funnel and its Technical Equivalents.—The 
Mortar and its Technical Equivalents.—Measuring Instruments and their Technical 
Equivalents.—Materials Used in Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Plant.—Conclusion.—Chemicals and Materials. 
—INDEX. 
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obtain a copy. —Chemical News. 


Professor of Metallurgy in the Glasgow and West of Scotland Technical Oollege. 


OUTLINES OF QUANTITATIVE ANALYSIS. 


FOR THE USE OF STUDENTS. 
With Illustrations. Firra Epirion. Crown 8vo, Cloth, 3s. 


‘* 4 COMPACT LABORATORY GUIDE for beginners was wanted, and the want has 
been WELL SUPPLIED. . . . A good and useful book.”—Lanecet, 


OUTLINES OF QUALITATIVE ANALYSIS. 


FOR THE USE OF STUDENTS. 
With Illustrations. FourtH Epirion, Revised. Crown 8vo, Cloth, 3s. 6d, 


‘« The work of a thoroughly practical chemist.”—British Medical Jourral. 
‘* Compiled with great care, and will supply a want.”—Journal of Education. 


ELEMENTARY METALLURGY: 
{ncluding the Author’s Practical Laboratory Course. 


[See p. 56. 
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AND MANUFACTURERS. 


BY 
BERTRAM BLOUNT, F.I.C., & A. G. BLOXAM, F.I.C. 
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Contents.—-INTRODUCTION.—Chemistry of the Chief Materials of Construction. 
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VOLUME II.—The Chemistry of Manufacturing Processes.—General Contents. — 
Sulphuric Acid Manufacture. — Alkali, &c. — Destructive Distillation. — Artificial 
Manure.— Petroleum.— Lime and Cement —Clay and Glass.—Sugar and Starch.— 
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Manufactures. SECOND Eprrron, Thoroughly Revised. Illustrated. 16s. 


SEcoND EpiTion. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 


OILS, FATS, BUTTERS, AND WAXES : 


THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE - 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 


By*G. R“AALDER WRIGHT, D.Sc, F.RS., 


Late Lecturer on Chemistry, St. Marv’s Hospital Medical School; Examiner 
in ‘‘Soap” to the City and Guilds of London Institute. 


Thoroughly Revised, Enlarged, and in Part Rewritten 
BY CAINS Oh LEE MECCH ELL BAST UC, PCs: 


“Will be found ABSOLUTELY INDISPENSABLE. ’— The Analyst. 
‘Will rank as the STANDAkD ENGLISH AUTHORITY on OiLs and Fats for man: 
years to come.” —/udustries and Iron. 


in Two Volumes, Half Morocco, each complete in ttself. 


PHYSICO-CHEMICAL TABLES 


For the Use of Analysts, Physicists, Chemical Manufacturers and 
Scientific Chemists. 
Volume I.—Chemical Engineering, Physical Chemistry. 24s. net. 


Volume II.—Chemical Physics, Pure and Analytical Chem saay 
[Shor tly. 


By JOHN CASTELL-EVANS, F.I.C.,° F.C.S., 


Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 
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Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.; and also the prin- 
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FOODS: THEIR COMPOSITION AND ANALYSIS. 


By A. WYNTER BLYTH, M.RB.CS., FLO, F.C.8.,, 


Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 


Anp M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 


GENERAL CONTENTS.—History of Adulteration.—Legislation.—Apparatus.—‘‘ Ash.”— 
Sugar.— Confectionery.— Honey.— Treacle.— Jams and Preserved Fruits.—-Starches.— 
Wheaten-Flour.—Bread.—Oats.— Barley. — Rye. — Rice. — Maize. — Millet.—Potatoes.— 
Peas.—Lentils.—Beans — Milk.— Cream.— Butter.— Oleo-Margarine.— Cheese.—Lard.— 
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Arrack.— Liqueurs.— Absinthe.— Yeast. — Beer. — Wine. — Vinegar.— Lemon and Lime 
Juice.—Mustard.—Pepper.—Sweet and Bitter Almonds.-—Annatto.—Oilve Oil.—Water 
Analysis.—Appendix: Adulteration Acts, &c. 


A new edition of Mr. Wynter Blyth’s Standard work, ENRICHED WITH ALL THE RECENT 
DISCOVERIES AND IMPROVEMENTS, will be accepted as a boon.”—Chemical News. 


FourtH Epition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 21s. net. 


POISONS : THEIR EFFECTS AND DETECTION. 


By A. WYNTER BLYTH, M.R.CS., F.LC., F.0.8., 


Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Heaith for St. Marylebone. 


GENERAL CONTENTS.—I.—Historical Introduction. II.—Classification—Statistics— 
Connection between Toxic Action and Chemical Composition—Life Tests—General 
Method of Procedure—The Spectroscope—Examination of Blood and Blood Stains. 
III.—Poisonous Gases. IV.—Acids and Alkalies. V.—More or less Volatile Poisonous 
Substances. VI.—Alkaloids and Poisonous Vegetable Principles. VII.—Poisons derived 
from Living or Dead Animal Substances. VIII.—The Oxalic Acid Group. IX.— 


Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 


of Undoubtedly THR MOST COMPLETE WORK On Toxicology in our language.”—The Anulyst. 
“AS a PRACTICAL GUIDE, we know NO BETTER work.”—T’he Lancet (onthe Third Editwn) 


Crown 8vo, Handsome Cloth. Fully Illustrated. ros. 6d. 


FLESH FOODS: 


With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 


A Practical Handbook for Medical Men, Analysts, Inspectors and others. 
by C. AINSWORTH MITCHELL, BA. ELC. ECs 


‘* A compilation which will be most useful for the class for whom it is intended.”— Atheneum. 
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DAIRY CHEMISTRY 
FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 


A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 


By H. DROOP RICHMOND, F°LC.,, 


CHEMIST TO THE AYLESBURY DAIRY COMPANY, 


Contents.—I. Introductory.—The Constituents of Milk. IJ. The Analysis of 
Milk. {II. Normal Milk: its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters, 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow.—Appendices.—Tables.—Index. 

‘©. , . Inour opinion the book is the BEST CONTRIBUTION GN THE SUBJECT THAT 
HAS YET APPEARED in the English language.”—Zazce? (on the First Edition). 


Fully Illustrated. With Photographs of Various Breeds of Cattle, &c. 
6s. net. 


MILK: ITS PRODUCTION & USES. 


With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 


By EDWARD F. WILLOUGHBY, 


M.D. (Lond.), D.P.H. (Lond. and Camb.). 


‘We cordially recommend it to everyone who has anything at all to do with milk.”— 
Dairy World. 


In Crown 8vo, Fully Illustrated. 2s. 6d. net. 
THE LABORATORY BOOK OF 


DAIRY ANALYDSIS. 


By H. DROOP RICHMOND, F.1.C., 
Analyst to the Aylesbury Dairy Co., Ltd. 


“‘ Without doubt the best contribution to the literature of its subject that has ever been 
written.” —Medical Times. 


In Large Crown 8vo. Cloth. Fully Illustrated. 4s. 6d. net. 


ELEMENTARY AGRICULTURAL CHEMISTRY. 


By HERBERT INGLE, B.Sc., F.LC., F.C.S. 


CONTEN'S.— Introduction.—The Atmosphere.—The Soil.— Natural Waters.— The 
Plant.— Manures.—Crops.— The Animal.-—Foods and Feeding.—The Dairy.— Miscel- 
laneous.—INDEX. 


At Press. In Crown 8vo. Handsome Cloth. Illustrated. 


SOIL BACTERIA. 


By JAMES CLARK, M.A., D.Sc, A.R.OS,, 


Principal of the Academy, Kilmarnock. 
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AGRICULTURAL CHEMISTRY AND ANALYSIS : 


A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS.. 
By J..M...H. MUNRO, DSc EG. F.C.5), 


Professor of Chemistry, Downton College of Agriculture. ' 
[In Preparation. 


In Large 8vo. Complete in Two Volumes. 
Hach Volume Complete in Itself, and Sold Separately. 


TECHNICAL MYCOLOGY: 


The Utilisation of Micro-organisms in the Arts and Manufactures. 


De eet AL NZ 7 AC BOAR: 


Prof. of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna. 
TRANSLATED BY CHARLES T. C. SALTER. 


Vol. I.—SCHIZOMYCETIC FERMENTATION. 
Vol. Il.-EUMYCETIC FERMENTATION. 


Notr.—Part I. of Vol. II. was issued separately at 7s. 6d. Copies of Part II., 
Vol. II., have, therefore, been bound up to enable those possessing Part I. to complete: 
their copies. 

‘The first work of the kind which can lay claim to completeness in the treatment of 
4 fascinating subject, The plan is admirable, the classification simple, the style is good, 
oF the tendency of the whole volume is to convey sure information to the reader.”— 

ancet, 


Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to ‘“‘FERMENTS,” by the same Author.] 


TOXINES AND ANTITOXAINES. 
By CARL OPPENHEIMER, Pu.D., M.D., 


Of the Physiological Institute at Erlangen. 
TRANSLATED FROM THE GERMAN BY 
C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 


With Notes, and Additions by the Author, since the publication of the German Edition. 


“‘For wealth of detail, we have no small work on Toxines which equals the one- 
under review.”—Medical Times 
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In Crown 8vo,- Handsome Cloth. Price 7s. 6d. net. 


FERMENTS: AND THEIR ACTIONS. 


A Text-book on the Chemistry and Physics of Fermentative Changes. 


By CARL OPPENHEIMER, Pu.D., M.D. 
TRANSLATED BY C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S.. 


ABRIDGED CONTENTS.—Introduction. — Definition.—Chemical Nature of Ferments.— 
Influence of External Factors.—Mode of Action.—Physiological Action.— Secretion. — 
[Importance of Ferments to Vital Action.—Proteolytic Ferments.—Trypsin.— Bacteriolytic 
and Hemolytic Ferments.— Vegetable Ferments.—Coagulating Ferments.—Saccharifying. 
¥erments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose- 
Glucosides.—Hydrolytic Ferments.—Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion. —Biology of Alcoholic Fermentation.—Oxydases.—Oxidising Fermentation.—Bibli- 
ography.—INDEX. 

“Such a veritable muliwm in parvo has never yet appeared.”—Brewers’ Journal. 
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PRINCIPLES AND PRACTICE OF BREWING. 


FOR THE USE OF STUDENTS AND PRACTICAL MEN. 
By WALTER J. SYKES. 
ReEvisep, By ARTHUR R. LING, F.LC., F.C.S., 


Editor of the Journal of the Institute of Brewing. 


CONTEN'S. -— Physical Principles Involved.—The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water.— Barley and Malting. — 
Arrangement of Brewery Plant.—Quantities of Materials.—Fermentation.—Antiseptics. 
—Finings.—Characteristics of Beer.—Diseases of Beer.—INDEX. 

‘* A thorough and comprehensive text-book . . . up-to-date . . . astandard 
text-book.” —Brewers’ Journal. 


In Crown Svo. Handsome Cloth. Fully Illustrated. 6s. net. 


PEAT: Its Use and Manufacture. 


By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 
And FREDERICK T. GISSING. 


GENERAL CONTENTS.—Introduction.—The Formation of Peat.—Area and Depth of Bogs in 
Principal Countries.—Manufacture of Peat Fuel, &c.—Cut Peat, Dredged Peat, and Manufactured 
Peat.— Machinery employed in the Manufacture of Peat Fuel.—Peat Moss Litter, and the Machinery 
employed in its Manufacture.—Peat Charcoal and its Manufacture.—Cost of making Peat Fuel and 
Charcoal.—Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &c. 
—BIBLIOGRAPHY.—INDEX. 

“The treatment throughout is clear and interesting . . . excellent plates,’—Engineering. 


Companion Volume to the above. In Crown 8vo. Handsome Cloth. Fully Illustrated. 
COMMERCIAL PEAT: 
Its Uses and Its Possibilities. 
Beab ws GESSENG, 


Joint Author with P. R. BJGORLING of ‘‘Peat: Its Use and Manufacture.” 


In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s, 6d. net. 


PAPER TECHNOLOGY: 


AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

Bye hope oN AIL s- F. eo: 


Exceedingly instructive and particularly useful.’”’—Paper Makers Monthly Journal. 


In Crown 8vo. Handsome Cloth. With 30 Illustrations. 6s. net. 


THE CLAYWORKER’S HANDBOOK. 


An Epitome of the Materials and Methods employed in Brickmaking and Pottery. 


By THE AUTHOR OF ““THE CHEMISTRY OF CLAYWORKING,” &c. 


GENERAL ContTEntTs.—Materials used in Clayworking; Clays, Engobes, Glazes, Colours, 
Water, Fuel, Oils, and Lubricants.—The Preparation of the Clay, Mining and Quarrying, 
Weathering, Washing, Grinding, Tempering, and Pugging.—Machinery; Boilers, Engines, General 
Machinery, Sieves, Mixing Machinery, Presses, &c.—Dryers and Drying.—Engobing and Glazing. 
—Setting or Charging, Transport.—Kilns.—Firing.—Discharging, Sorting, and Packing.—Defects 
and Waste.—Tests, Analysis and Control.—BIBLIOGRAPHY.—TABLES.— INDEX. 

‘*We can thoroughly recommend this handy little book to all our readers.”--Brick and 
Pottery Trades Journal. 
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In Large 8vo. Cloth. With 147 Illustrations. 15s. net. 
A MANUAL OF 


THE PRINCIPLES OF SEWAGE TREATMENT. 
BY P2007... DUAR asa, 


Director of the Institute of State Hygiene, Hamburg. 


EnauisH Eprrion sy HARRY T. CALVERT, M.Sc., Pu.D., F.1.C., 
Chief Chemical Assistant, West Riding of Yorkshire Rivers Board. 


CoNnTENTS.—Growth of River Pollution.—Legal Measures taken by Central and Local 
Authorities.—Rise and Development of Methods of Sewage ‘'reatment.—Earlier Views 
on Methods of Treatment.—Characteristics of Sewage.—Objects of Purification Works. 
—Methods for the Removal of Suspended Matters.—For the Removal of Putrescibility.— 
Disinfection.—Supervision and Inspection of Works.—Utility and Cost.—INDEX. 


Beautifully Illustrated, with Numerous Plates, Diagrams, und 
Figures in the Text. 21s. net, 


TRADES’ WASTE: 


ITS TREATMENT AND UTILISATION. 


Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 


By Wig INAV TOR EOS. AM net ae 


Chief Inspector of Rivers, Ribble Joint Committee. 


‘* There 18 probably no person in England to-day better fitted to deal rationally with 
such @ subject.”"—British Sanitarian. 


In Handsome Cloth. With 59 Illustrations. 6s. net. 


SMOKE ABATEMENT. 


A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 


By WILLIAM NICHOLSON, 
Chief Smoke Inspector to the Sheffield Corporation. 


**We welcome such an adequate statement on an important subject.”—SBritish 
Medical Journal. 


SECOND EDITION. In Medium 8vo. Thoroughly Revised and Re-Written. 
15s. net, 


CALCAREOUS CEMENTS: 
THEIR NATURE, PREPARATION, AND USES. 


With some Remarks upom Cement Testing. 


By GILBERT R. REDGRAVE, Assoc. Inst. C.E, 


Assistant Secretary for Technology, Board of Education, South Kensington, 


AND CHARLES SPACKMAN, F.C.S. 


**We can thoroughly recommend it as a first-class investment.”—Practical Engineer. 


In Handsome Cloth. 5s. net. 


A HANDBOOK FOR CEMENT WORKS’ CHEMISTS. 
By FRANK B. GATEHOUSE, FE.C:S. 


GENERAL ConTEn’s.—Introduction.—Chemicals and Apparatus.—Books.—Analysis and 
Calculations of Raw Materials.—Analysis of Fuel, Kiln Gases, Lubricants and Water.— 
Cement Analysis.—Gypsum, Plaster, &c., Burnt Lime.—AppENDICRS.—INDEX. 


‘* Will be of great use in Cement Works.”— Architect. 
‘Concise . . . excellent . . . auseful addition to Cement Literature.”— Concrete. 
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CHEMISTRY AND HCHNOLOGY. 07 


With Four Folding Plates and Numerous Illustrations. Large 8vo, 
8s. 6d. net. 


WATER SUPPLY: 
A Practical Treatise on the Selection of Sources and the Distribution of Water. 
By REGINALD EK. MIDDLETON, M.Inst.C.E., M.Insv.Mxroun.E., F.S.I- 


ABRIDGED CONTEN''S.—Introductory.—Requirements as to Quality.—Requirements 
as to Quantity.—Storage Reservoirs.—Purification.—Service Reservoirs.—The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. 


‘¢ As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf.”—Practical Engineer. 


In Large Crown 8vo. Fully Illustrated. In Two Volumes. 


VOLUME I. FOURTH EDITION. Price 7s. 6d. net. 
4 Il. THIRD EDITION. READY SHORTLY. 


THE CHEMISTRY OF 


GAS MANUFACTUORE : 


A Hand-Book on the Production, Purification, and Testing of Illuminating 
Gas, and the Assay of the Bye-Products of Gas Manufacture. 
By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.0.S., 
Formerly Head Chemist, Gas Works, Beckton, London, HE. 


‘The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing.” —Journal of Gas Lighting. 


With Diagrams and Illustrations. 5s, net. 


ACE TY LENE: 
THE PRINCIPLES OF ITS GENERATION AND USE. 


By FF. H, LEEDS, Fol@., E.C.S., 


Member of the Society of Public Analysts and of the Acetylene Association; 
Anp W. J. ATKINSON BUTTERFIELD, M.A., F.LC., F.C.S., 


Consulting Chemist, Author of ‘‘ The Chemistry of Gas Manufacture.” 
“* Brimful of information.”—Chem. Trade Journal. 
‘“We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide.”—Acetylene. 


Large 8vo. Handsome Cloth. Price 16s. net, 


FIRE AND EXPLOSION RISKS: 


A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions. 
Br-Dre VON SCHWARTZ, 
Translated from the Revised German Edition 
Bye DC) 8 AL DBR 


ABBRIDGED GENERAL CONTENTS.—Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat.—Dangerous Gases.—Risks Attending 
Special Industries. — Materials Employed. — Agricultural Products. —Fats, Oils, and 
Resins.—Mineral Oils and Tar.—Alcohol, &c.—Metals, Oxides, Acids, &c.—Lightning 
Ignition Appliances, Fireworks. 

‘“‘The work affords a wealth of information on the chemistry of fire and kindred 
topics.”— Fire and Water. 

‘*A complete and useful survey of a subject of wide interest and vital importance.” — 
Ow and Colourman’s Journal. 
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FOURTEENTH EpITION, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 


PRACTICAL SANITATION: 


A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 


By: GEORGE@REID IED. DP. 


Keliow, Mem. Council, and Examiner, Sanitary Institute of Great Britain, 
and Medical Officer to the Staffordshire County Council. 


With an Appendix on Sanitary Law. 
By HERBERT MANLEY, M.A, M.B., -D.P.H:, 


Barrister-at-Law. 


GENERAL ConTENTS.— Introduction.— Water Supply: Drinking Water, Pollution of 
‘Water.—Ventilation and Warming.—Principles of Sewage Removal.—Details of Drainage ; 
Refuse Removal and Disposal.—Sanitary and Insanitary Work and Appliances.—Details of 
Plumbers’ Work.—House Construction.—Infection and Disinfection.— Food, Inspection of ; 
‘Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.—Appendix : 
Sanitary Law ; Model Bye-Laws, c. 


‘“ A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to HOUSEHOLDERS and ALL interested in Sanitary Matters.”—Sanilary Record. 


In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 


LESSONS ON SANITATION. 


By JOHN WM. HARRISON, M.R.San.L, 


Mem. Incor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorks. 


CONTENTs,—Water Supply.—Ventilation.—Drainage.—Sanitary Building Construction.— 
Infectious Diseases.—Food Inspection.—Duties of an Inspector of Nuisances and Common 
‘Lodging-Houses.—Infectious Diseases Acts.—Factory and Workshop Acts.—Housing of 
the Working-Classes Act.—Shop Hours Acts.—Sale of Food and Drugs Acts. The Mar- 
garine Acts.—Sale of Horseflesh, &c., Rivers Pollution.—Canal Boats Act.—Diseases of 
es eS Cowsheds and Milkshops Order.—Model Bye-Laws.—Miscellaneous.— 

NDEX. 

“* Accurate, reliable, and compiled with conciseness and care.”—Sanitary Record. 


SECOND EDITION, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 


SANITARY ENGINEERING: 


A Practical Manual of Town Drainage and Sewage and Refuse Disposal. 


For Sanitary Authorities, Engineers, Inspectors, Architects, 
Contractors, and Students. 


BY FRANCIS WOOD; A.M Insr:C.E., F:G.S:, 


Borough Engineer and Surveyor, Fulham; late Borough Engineer, Bacup, Lancs. 


GENERAL CONTENTS. 


Introduction.—Hydraulics.—Velocity of Water in Pipes.—Earth Pressures and Retaining 
Walls.—Powers.— House Drainage. —Land Drainage.—Sewers.—Separate System.—Sewage 
Pumping.—Sewer Ventilation.—Drainage Areas.—Sewers, Manholes, &c.—Trade Refuse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.—Refuse Disposal.—Chimneys and Foundations. 

“The volume bristles with information which will be greedily read by those in ned of assistance. The 
book is one that ought to be on the bookshelves of EVERY PRACTICAL ENGINEER,”—Sanitary Fournal. 

‘‘A VERITABLE POCKET COMPENDIUM of Sanitary Engineering. . A work which may, in 


many respects, be considered as COMPLETE . . COMMENDABLY CAUTIOUS . . . INTERESTING 
~ - SUGGESTIVE.”—Public Health Engineer 
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Second Epirion. In Large 8vo. Handsome Cloth. Beautifully 
Illustrated. With Plates and Figures in the Text. 21s. net. 


ROAD MAKING AND MAINTENANCE: 


A Practical Treatise for Engineers, Surveyors, and Others. 


WitH AN HISTORICAL SKETCH OF ANCIENT AND MOopERN PRACTICE. 


By THOS. AITKEN, Assoc. M.Inst.0.E., 


Member of the Association of Municipal and County Engineers; Member of the Sanitary 
Inst.; Surveyor to the County Council of Fife. Cupar Division. 


WITH NUMEROUS PLATES, DIAGRAMS, AND /LLUSTRATIONS, 


Contents. —Historical Sketch.—Resistance of Traction.—Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal.—Quarrying.—Stone Breaking and "Haulage. —Road- 
Rolling and Scarifying.—The Construction of New, and the Maintenance’ 
of existing Roads.—Carriage Ways and Foot Ways. 


“The Literary style is EXCELLENT. . . . A COMPREHENSIVE and EXCELLENT Modern Book, an 
UP-TO-DATE work. . . . Should be on the reference shelf of every Municipal and County 
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer.”—The Surveyor. 


In Handsome Cloth. Fully Illustrated. 10s. 6d. net. 


DUSTLESS ROADS. 
TAR MACADAM. 
By J. WALKER SMITH, 


Borough Engineer and Master of Works, Edinburgh. 


ConrEents.—Necessity for Improved and Standard Road Construction.—Tar.—Standardisation 
ef Matrix.—Aggregate for Macadam —Different Modes of Preparing and Laying.—Mechanical 
Mixing. —Effects of Wear, Density, Porosity, Distribution of Weight.—Scavenging; Watering and 
Maintenance. — Camber; Gradient, Noiselessness, Hygienic Advantages. — ‘Rolling. — Tractive 
Bffort.—Statistics.—Tar Spr. aying on Ordinary Macadam Surfaces.—APPENDICES.—INDEX. 


In Demy 8vo. Handsome Cloth. With Many Tables. 
THE THEORY AND PRACTICE OF 


ENAMELLING ON IRON AND STEEL. 


By JULIUS) GRUNWALD, 


Technical Chemist and Works’ Manager. 


CONTEN'TS.—Introduction.—The Raw Materials.—The Mixing, Dissolving, and Appli- 
ation of Enamel.—Heating and Pickling Goods in the Rough.—Correct laying on.— 
Baking Enamelled Ware. —Decoration of Enamelled Objects. —Photo-Ceramics in their 
Application to Enamels.—General and Statistical Chapter.--The History of Enamels 
and their Uses.—INDEX. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 30s. net. 
A TREATISE ON 


COLOUR MANUFACTURE, 


A Guide to the Preparation, Examination, and Application of all the 
Pigment Colours in Practical Use. 


By GEORGE ZERR anp Dr. R. RUBENCAMP. 
AUTHORISED ENGLISH TRANSLATION BY DR. C. MAYER, oF BURGDORF. 


‘*This comprehensive guide . . . useful and interesting.”—Oil and Colour Trades 
Journal. 


— eas 


FourTH EDITION, Revised and Enlarged. With Illustrations. 12s. 6d. 


PAINTERS COLOURS, OILS, AND VARNISHES : 


A PRACTICAL MANUAL. 
IY Aah OR AG TG cat et Ee 1 ae 


GENERAL CONTENTS.—Introductory—-THE COMPOSITION, MANUFACTURE, 
ASSAY, and ANALYsiS of PIGMENTS, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black—LAkEs—Colour and Paint Machinery—Paint Vehicles 
(Oils, Turpentine, &c., &c.)—Driers—VARNISHES. 

‘* A THOROUGHLY PRACTICAL book. . . . Satistactorily treats of the manufacture ot 
oils, colours, and pigments.” —Chemical Trades’ fournai. 


In Crown 8vo. Handsome Cloth. With Illustrations. §s. 


THE PAINTER’S LABORATORY GUIDE. 


A Student’s Handbook of Paints, Colours, and Varnishes. 
BY AGE, OR GAS. bea URS Peo CoS: 


ABSTRACT OF CONTENTS. — Preparation of Pigment Colours. — Chemical Principles 
Involved.—Oils and Varnishes.—Properties of Oils and Vainishes.—Tests and Experiments. 
—Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

‘*This excellent handbook, . . . the model of what a handbook should be.”—Ozis, 
Colours, and Drysalteries. 


TuirD Epirion, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 


Painting and Decorating: 


A Complete. Practical Manual for House 
Painters and Decorators. 


By WALTER JOHN PEARCE, 


LECTURER AT THE MANCHESTER TECHNICAL SCHOOL FOR HOUSH-PAINTING AND DECORATING 


‘‘A THOROUGHLY USEFUL BOOK . . ., GOOD, SOUND, PRACTICAL INFOR- 
MATION in a CLEAR and CONCISE FORM.”—Plumber and Decorator. 
‘© A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . SO FULL and 


COMPLETE that it would be difficult to imagine how anything further could be 
added about the Painter's craft.”— Builders’ Journal. 
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CHEMISTRY AND THCHNOLOGY. $1 


SECOND EpiITIon. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 16s. net. 


THE CHEMISTRY OF INDIA RUBBER. 


A Treatise on the Nature of India Rubber, its Chemical and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 


Including the Outlines of a Theory on Vulcanisation, 
By CARL OTTO WEBER, Pu.D. 


‘‘ Replete with scientific and also with technical interest. . . The section on physical 
properties is a complete vészazé of every thing known on the e subject. ’—India-rubber Journal. 


In Handsome Cloth. Fully Illustrated, 


THE MANUFACTURE OF RUBBER GOODS. 
BYeADORbett GLAND: DROW, ESCH, 


TRANSLATED BY EDWARD W. LEWIS, A.C.G.I., F.C.S., 
Chemist to Messrs. J. G. INGRAM & Son, London. 


GENERAL CoNnTENTS.-—Raw Material and its Preparation.—Vulcanisation.—Rubber 
Mixings.—Manufacture of Soft Rubber Goods.—Manufacture of Hard Rubber Goods. 
—Regeneration of Waste Rubber. heer vsiy Gea of Rubber Goods.—INDEx. 


In Large Gans 8vo. Fully iihiserdted: 5s. net. 


GLUE, GELATIN E, 
AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology. 


By; DEOMAS: “LAM BERT, 


Analytical and Technical Chemist. 


ConTENTS.— Historical.—_SGLuE.—GELATINE.—Size and Isinglass.—Treatment of Efflu- 
ents produced in Glue and Gelatine Making.—Liquid and other Glues, Cements, &c.—Uses 
of Glue and Gelatine.—Residual Products.—Analysis of Raw and Finished Products. — 
APPENDIX.—INDEX. 

‘* A sufficient account of modern methods of working, chiefly from a practical standpoint. 
Abook : . . ofreal value.”—Chemical News. 


In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 
LEATHER TRADES’ CHEMISTRY. 
A Practical Manual on the Analysis of Materials and Finished Products. 
BYoo.k el ROW VAINe MAG, Eo liGs, 


Public Analyst for the City of Nottingham, Member of the International Association 
of Leather Trades’ Chemists. 


Synopsis or Conrents.—Standard Solutions.—Acids, Alkalies, &c.—Water.-—Depilation 
and Deliming.—Fleshings, &c.—Glue.—Spent Liquors. Mineral and Vegetable Tanning 
Agents.—Oils.—Soaps.—Varnishes.—Skin.— Leather. — — Dyestuffs.— Degreasing Agents.— 
Effluents.—GLossary.—INDEx. 

**Mr. Trotman has admirably succeeded in his aim. . . . Practically every section 
the leather trade chemistry is gone into.’”—Leather Trades’ Review). 


In Large 8vo, Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 


THE MANUFACTURE OF INK. 


A Handobook of the Production and Properties of Printing, Writing, and Copying Inks. 
EC AeMITCHELL, BA. F.1.C,,,8.C.S., & Ty C. HEPWORTH. 


‘«Thoroughly wellarranged . . . and ofa genuinely practical order.”—Bvitish Printer. 
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THE TEXTILE INDUSTRIES. 


Sxconp Eprtion, Vhoroughly Revised I'hroughout. In Two Large 
‘olumes. Handsome Cloth. 


A MANUAL OF DYEING: 


FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 


BY 
E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.LC., F.C.S., 


Head of the Chemistry and Dyeing Department of Late Head of the Chemistry and Dyeing Department 
the Technical School, Manchester; Editor of ‘‘ The of the Technical College, Bradford ; Member 
Journal of the Society of Dyers and Colourists ;” Council of the Society of Dyers and Colourists'; 


And RICHARD LOEWENTHAL, Ph.D. 

GENERAL ConTENTS.—Chemical Technology of the Textile Fabrics — 
Water —Washing and Bleaching — Acids, Alkalies, Mordants — Natura] 
Colouring Matters—Artificial Organic Colouring Matters— Mineral Colours 
—Machinery used in Dyeing—Tinctorial Properties of Colouring Matters 


Analysis and Valuation of Materials used in Dyeing, &c., &c. 
‘* This authoritative and exhaustive work . . . the MOST COMPLETE we have yet seeu 
on the subject.”’—TZextile Manufacturer. 


In Large 8vo, Handsome Cloth. Pp. t-xv + 405. 168. net. 


THE SYNTHETIC DYESTUFFS, 


AND 
THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
By JOHN CANNELL CAIN, D.Sc. (MANCHESTER AND TUBINGEN), 
Technical Chemist, 
And JOCELYN FIELD THORPE, Pu.D. (Herpeneere), F.R.S., 
Lecturer on Colouring Matters in the Victoria University of Manchester. 
Part I. Theoretical. Part II. Practical. Part III. Analytical. 


‘We have no hesitation in describing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Chemistry 
generally.”—Chemical Trade Journal. 


Companion Volume to Knecht & Rawson's “‘ Dyeing.” In Large 8vo. 
Handsome Cloth, Library Style. 16s. net. 


A DICTIONARY OF 


DYES, MORDANTS, & OTHER COMPOUNDS 
USED IN DYEING AND CALICO PRINTING. 


With Formule, Properties, and Applications of the various substances described, 
and concise directions for their Commercial Valuation, 
and for the Detection of Adulterants. 


By CHRISTOPHER RAWSON, F.I.C., F.C.S., 
Consulting Chemist to the Behar Indigo py ola Co-Author of ‘A Manual 
WALTER M. GARDNER, F.C.S., 


Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; 
Editor of the ‘‘ Journ. Soc. Dyers and Colourists ;” 


ARDY Web bAY COCK, -PheD. i-.Ce., 
Analytical and Consulting Chemist. 


‘* Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found ‘The authors have apparently left nothing out.” 
—Textile Mercury. 
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In Crown 8vo. Cloth. With Numerous Illustrations. 6s. net. 


THE COTTON WEAVERS’ HANDBOOK. 


A Practical Guide to the Construction and Costing of Cotton Fabrics, 
: with Studies in Design. 


By HENRY B. HEYLIN, 
Of the Royal Technical Institute, Salford. 


Contents. — Weaving.— Designing. — Weaves,—The Power Loom and its Accessories. — 
Analysing or Dissection of the Cloth.—Cloth Quoting or Costing.—Division of the Cotton 
Indu-try in England.—Yarns for Manufacturing Purposes,—The Selection of Warp Yarns 
and Yarn Testing.—Read and Heald Counting and Calculations.—Important Labour 
Units in a Weaving Mill.—Miscellany, —Illustrations of Machinery.—Examination Ques- 
tions. —INDEX. 

‘*Mr. Heylin’s text-book is a very reliable one, It is difficult to mark out any special 
points among so much excellent matter.”— Dyer and Calico Printer. 


Large 8vo. Profusely Lilustrated with Plates and Figures in the Text. 
16s. net. 


THE SPINNING AND TWISTING OF LONG 
. VEGETABLE FIBRES 


(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 
By HERBERT R. CARTER, Belfast and Lille. 

GENERAL CONTENTS.—Long Vegetable Fibres of Commerce.—Rise and Growth of 
the Spinning Industry.—Raw Fibre Markets.—Purchasing Raw Material.—Storing and 
Preliminary Operations.—Hackling.—Sorting.—Preparing.—Tow Carding and Mixing.— 
Tow Combing.—Gill Spinning.—The Roving Frame.—Dry and Demi-sec Spinning.—Wet 
Spinning.—Spinning Waste.—Yarn Reeling.—Manufacture of Threads, Twines, and 
Cords.—Rope Making.—The Mechanical Department.—Modern Mill Construction.— 
Steam and Water Power.—Power Transmission. 

‘‘ Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 


senting up-to-date practice.”’—Nature. 


In Large 8vo, Handsome Cloth, with Numerous Illustrations, 9s. net. 


TEXTILE FIBRES OF COMMERCE. 
A HANDBOOK OF 


The Occurrence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Produets used in Spinning and Weaving 


By WILLIAM I, HANNAN, 


Lecturer on Botany at the Ashton Municipal Technical Schoo!, Lecturer on Cottou 
Spinning at the Chorley Science and Art School, &c. 
“ UseruL INFORMATION. . . . ADMIRABLEILLUSTRATIONS. . . .”—Textile Recorder. 


In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 


TEXTILE PRINTING: 
A PRACTICAL MANUAL. 

Including the Processes Used in the Printing ot 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABRICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 


Wem. Soc. of Chem. Ind.; late Lecturer at the Munic. Tech. School. Manchester. 
'‘‘ BY FAR THE BEST and MOST PRACTICAL BOOK ON TEXTILE PRINTING which has yet been 
brougbt out, and will long remain the standard work on the subject.”—Tertile Mercury, 
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Large 8vo. Handsome Cloth. 12s, 6d. 


BLEACHING & CALICO-PRINTING. 


A Short Manual: for Students and 
Practical Men. 


By GEORGE DUERR, 


‘Director of the bleaching, Dyeing, and Printing Department at the Accrington and Bacup 
Technical Schools; Chemist and Colourist at the Irwell Print Works. 


ASSISTED BY WILLIAM TURNBULL 
‘(of Turnbull & Stockdale, Limited). 


With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 


GENERAL CONTENTS.—Corron, Composition of ; BLEAcHING, New 
Processes; Printing, Hand-Block; Flat-Press Work; Machine Printing— 
MorDANTS—STYLES OF CALICO-PRINTING: The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents —Organic Acids—Salts— Minera] 
‘Colours—Coal Tar Colours—Dyeing—Water, Softening of-—Theory of Colours 
—Weights and Measures, &c. 


‘*When a READY WAY out of a difficulty is wanted, it is IN BOOKS LIKE THIS that it is found.”— 
Textile Recorder. 


“Mr, DUERR’s WORK will be found Most USEFUL. ., . The information given is of @nEat 
VALUE. . . . The Recipes are THOROUGHLY PRACTICAL, —Textile Manufacturer. 


In Handsome Cloth. With 76 Illustrations. 5s. net. e 


DYEING AND CLEANING, 
By FRANK J. FARRELL, MSc, &c. 


GENERAL ContTEeNntS.—Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning.— Dyeing.—Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats.—Finishing.— 
APPENDICES. —INDEX. 


‘* A timely and valuable contribution . . . well got up in every way.”—Dyer and 
Calico Printer. 


LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 


INTRODUCTORY SCIENCE SERIES. 85 


° ‘‘ Boys COULD NOT HAVE A MORE ALLURING INTRODUOTION to scientific pursuits 
than these charming-looking volumes.’’--Letter to the Publishers from the Head. 
master of one of our great Public Schools. 


Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d. 


OPEN-AIR STUDIES IN BOTANY: 


SKETCHES OF BRITISH WILD FLOWERS 
IN THEIR HOMES. 


By R. LLOYD PRAEGER, B.A., M.R.LA. 


{llustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 

@eneRAL Contrents.—A Daisy-Starred Pasture—Under the Hawthorn« 
—By the River—Along the Shingle—A Fragrant Hedgerow—A Connemara 
Bog—Where the Samphire grows—A Flowery Meadow—Among the Corn 
(a Study in Weeds)—In the Home of the Alpines—A City Rubbish- Heap— 


Glossary. 

‘(A FRESH AND STIMULATING book . . . should takeahigh place .. . The 
{llustrations are drawn with much skill.”—The 7'imes. 

‘‘BRAUTIFULLY ILLUSTRATED. . . . One of the MOST ACOURATE as well as 


INTERESTING books of the kind we have seen.” —Athenewum. 
‘‘Redolent with the scent of woodland and meadow.” —The Standard. 


With 12 Full-Page Illustrations from Photographs. Cloth. 
Second Edition, Revised. 8s, 6d. 


OPEN-AIR STUDIES IN GEOLOGY: 


An Introduction to Geology Out-of-doors. 
By GRENVILLE A. J. COLE, F.GS., M.R.LA., 


Professor of Geology in the Royal College of Science for Ireland, 
and Examiner in the University of London. 

GENERAL ContTENTS.—The Materials of the Karth—A Mountain Hollow 
—Down the Valley—Along the Shore—Across the Plains—Dead Volcanoes 
—A Granite Highland—The Annals of the Earth—The Surrey Hills—The 
¥olds of the Mountains. 


“The FASCINATING ‘OPEN-AIR Stopius’ Of Pror. OoLE give the subject a GLow or 
ANIMATION . . . Cannot fail to arouse keen interest in geology.”’—Geological Magazine 
‘\ A CHARMING BOOK, beautifully iilustrated " — Athenw#um. 


Seautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 


OPEN-AIR STUDIES IN BIRD-LIFE: 


SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 


By CHARLES DIXON. 

The Spacious Air.—The Open Fields and Downs.—In the Hedgerows. —On 
Open Heath and Moor.—On the Mountains.—Amongst the Evergreens.— 
Copse and Woodland.—By Stream and Pool.—The Sandy Wastes and Mud 
flats.—Sea-laved Rocks.—Birds of the Cities. —INDEX. ; 

‘*Enriched with excellent illustrations. A welcome addition to all libraries.”—Wes:- 
ewnnster Review. 


CONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND, 
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86 CHARLES GRIFFIN & CO.’S PUBLICATIONS. 


(To Subscribers, 6s.). — 


THE OFFICIAL YEAR-BOOK 


OF THE 


SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 
COMPILED FROM OFFICIAL SOURCES. 


p 
_ Comprising (together with other Official Information) LISTS of the 


PAPERS read: during the Session 1907-1908 before all the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research :— ° 


§ 1. Science Generally: z.¢e., Societies occupy- | 
ing themselves with several Branches of | 


. Economic Science and Statistics. 
. Mechanical Science, Engineering, and’ 
Architecture. 


6 
A 7 
Science, or with Science and Literature e. 
8. Naval and Military Science. 
9 
° 


jointly. ; ‘ 
§2. Mathematics and. Physics. . Agriculture and Horticulture. 
§ 3. Chemistry and Photography. Law. 
§ 4. Geology, Geography, and Mineralogy. § 11. Literature 
§ ;. Biology, including Microscopy and An- | § 12. Psychology. 
thropology. §13. Archeology. 


§z4. MEDICINE. 


“FILLS A VERY REAL WANT.”— Engineering. 

‘“‘ INDISPENSABLE to any one who may wish to keep himself 
abreast of the scientific work of the day.”—Zdinburgh Medical 
Journal. 

“ The Yzar-Book oF Societixgs is a Record which ought to be of the greatest use fox 
the progress of Science.”—Lord Playfair, F.R.S., K.C.B., M.P., Past-President 07 the 
British Association. 


“It goes almost without saying that a Handbook of this subject will be in tim- 
one of the most generally useful works for the library or the desk.”—The Times. 


“British Societies are now well representea in the ‘Year-Book of the Scientific anc 


Learned Societies of Great Britain and Ireland.’"—{Art. “‘Societies” in New Edition o' 
“ Encyclopedia Britannica,” vol. xxii.) 


Copies of the First Issux, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. ~ 


The YRAR-BOOK OF SOCIETIES forms a complete INDEX TO THE SCIENTIFIC WORK ofthe 


7 REQ DES ESS CLT SORT == ————EEEEE 
sessional year in the various Departments. It is used as a HANDBOOK in all our great 
SctentiFic CENTRES, Musgums, and Lisrarigs throughout the Kingdom, and has becoine 
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work. 

LS 


CONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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